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abstra^:t 
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FOREWORD 




'The Integrity of Water" results frQm*tbe formal 
papers and comments presented at an invitational ^ 
symposium by recognized water experts represent- 
ing a v^ety of disciplines and societal interests. 
The focus of the symposium was on the definition 
and interpretation of water quality integrity as* 
viewed and discussed by representatives of State 
governments, industry, academia, conservation 
and environmental groups, and others of the gen- 
eral public. The symposium was structured to ad- 
dress quantitative and qualitative characteristics of 
the physical, chemipal, and biological prop^ies of 
surface ,and ground waters. 

It is recognized , that streams, lakes, estuaries, 
tod coastal marine waters vary in size and configu- 
ration, geologic features, and flow characteristics, 
and are influenced^by climate and meteorological 
events^ and the type and extent of human impact. 
The natural integrity of such waters may be deter- 
mined partially by consulting historical records of 
water quality and species composition where avail- 
able, by cofldjicting ecological investigations of the 
area or of a c^paraWe ecosystem,^ and through 
modeling studies that provide an estimation of the 
\ 



natiiral ecosystem based upon information avail- 
able. Appropriate water quality criteria present 
quality goals that will .provide for^the protection of 
aquatic and associated wildlife, man and other 
users of water, and consumers of the aquatic life. 

This volume adds another dimension to our re; 
corded knowledge on water quality. It brings into 
shar{^ focus one of the basic issues associated with . 
the protection and management of this Nation's \ 
valued aquatic resoxirce. It highlights, once again, 
our unqualified dependence upon controlling water 
pollution if we are to continue to have a viable and 
complex society. The Congress has provided us 
with string a^d comprehensive water pollution 
control laws. In .accordance with the advances in 
research and development and with our increased 
knowledge about the environment, these laws^will 
receive further congressional consideration and 
modification as appropriate^Jt^ is through the 
efforts of Tbhose who participated m making this vol- 
ume possible that attention is focused once again on 
the basic goals of water quality to support the dy- 
namic needs of this generation and of others to 
come. . ^ 

Douglas M. Costle, Adiiiinistrator ^ ^ 
^U.S. Environmental Protection Agency 
' June, 1977 
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-.The major thrAst of this symposium is to more 
clearly define and delimit **The Integrity of Water." 
An individual's perception of aquatic integrity will 
vary as I am su*e we shall see in tKe, discussions 
that follo\^5. The < jnhancement of water quality, as a 
vital resource y is challenge that must be met by 
oxxr modern soci ity\ We have an innate obligation 
to those who follow in our footsteps to deliver to 
them' a wat^r 'esoiirce that can^jneet the 1 use 
demai\ds of their gjeneration. Positive action to 
assure attainmer t of this goal was initiated with the 
passage of the Fid^ral ^^ater Pollution Controjl Act 
Amendments of 1972 (P.L. 9^-500i. " 

P.L. 92-500jspne of the most comprehensive and 
complex environmental laws which has ever been 
enacted* All facdts of the Act bear upon the b^ic 
?gojfl to restore^aid maintadn the chemical, physical, 
^d biological int ^g^ty qf the Nation's >yaters. i 

^The-Act provides for an activje, research and de- 
velopment pnogrun which addresses a variety of 
issued defining the aquatic environment. Key areas 
focuj5 on human health ^ffects.jof 'water pollution, 
fate and effects of poHutants on the envuronment, 
and advanced waste tiieatment technology, to name 
but a few. Both the momtoring'of water quality and 
the development oi'those tools essential to the mon- 
itoring effort are [essential to support the overall 
goal of defining the integrity of water. 

Te<ihnical assistance to State and local govern- 
ments is an integral part of the overall program to- 
bring about achievement of the 1977 and 1983 goals. 
This assistance t^es many iorms. There is an 
active intg^govemnpental exchange program where 
Federal personnel are loaned to a local or State'gov- 
/ernment to establish programs or to help in the 
-ongoing. jwUution^ntrol program. Cooperation in 
data management aid retrieval, sharing of techni- 
cal information, regipnal/State planning efforts, all 
help to establish a'oeuer mode of communication 

Under Section 3(^(a)> toxic pollutant efflueAt 
standards, the Agen^ has proposed a list of tojtft 
pollutants. However,rit should be recognized thai 
H>ther sections of the Act, andifor that matter, dthfei 
legislation (Fedei'al insecticide. Fungicide, and' 
Rodenticide Act) also <i|an be rffectively used to con- 
■ trol pollutants that ' may be toxic in certain 



amounts. The toxic pollutant effluent standards are 
directed again^ continuous ^scharges. Accidental 
spills of hazardous pollutants are also of major con- 
cern. To evolve a coherent toxic and hazardous 
matferidls control program on a continuing basis 
provides a substantial challenge to the Agency. 

The Environmental Protection Agency continues 
to emphasize construction grants as a high priority 
item. Municipal projecte form a central core to 
many achievements of both the effluent ^nd the 
water (fuality requirements of 1977 and 1983. In the 
past 28 months over $3.5 billion of the $9 billion 
made available for construction of municipal treat- 
ment plants were obligated. About $6.5 billion will 
be obligated by July 1975. Coordinated efforts by 
EPA, States, and conmiunities remain essential to 
comply with the conditions for grant awards, as 
well as. to see that applications are quickly proc- 
essed and aw^ded. 

» Permit compliance assurance activities are to in- 
crease in this fiscal year as an outgrowth of 
priorities of the previous years. Emphasis on per- 
mit issuance is to be replaced by the initiation and 
conduct of a compliance assurance program which 
will be based upon issued permits specifying levels 
of control and phased dates for achievement. 

There has been a change in the Agency's empha* 
sis for achieving better watej- quality. The shift has 
been away from a sole reliance upon water quality 
standards to a combination of best technology ai\d 
water quality standards. The shift in durection.has 
been dictated by passag^of the Act. Under former 
law the water quality standards were the main 
mechanisms by which \<rater qyality was to be 
achieved. Under the present Act both best technol- 
ogy and waterguality standards are to be used to 
achieve the g^aJs. B^ically, this has been a shift 
away from dependenfce upon the assimilation capac- 
ity of water to one ojf best practicable treatment as 
a means to manage effluent concentration. 

This transition has taken a great deal of effort 
and time. Development of effluent limits for indus- 
trial categories .and the National Pollution Dis- 
charge Elimination System permits ^ave necessi- 
tated a mafor commitment of personnel. The total 
effort in the first 2 years of implementation 
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proceeded in less than optimal fashion. Some steps 
lagged; others were poorly synchronized with other 
dependent areas. Many of the problems resulted 
from hiving to quickly carry out the requirem^& 
of the Act in the time fr amp specified by the law. 

These situations shoidd not be repeated in the 
second phase. Effluent guidelines, jvater quality 
analyses, and waste load allocations all should be 
completed and ready for use by the time permits 
addressing the 1983 requirements axe ready to be 
issued. Similarly, planning for the 1983 go^l should 
precede the appropriate constructipn and permit- 
ting actions, and State program development under 
Section 106 should incorporate the basic planning 
and Analysis. 

There will' be an increasing emphasis now in 
other areas in accordance with the water strategy. 
The first major thrust is to encourage States to 
develop areawide waste management plans under 
Section 208. In addition, under Section 303(e), 
water quality standards and implementation, each 
shall develop a continuing planning process t6 
provide a coordinated Statewide water pollution 
^/ control program. Much of the funding for the initial 
phases shall be FederaP. Fiscal year-76 will be a 
pea]$ year for p lann ing in this area^ and the numner 
and extent .of plans under development during tVis 
period 'will demand continuing State and regional 
office, attention to assise that the plans effectively « 
address all appropriate elements. . 

The Agency's, initial thrust was to control point 
1 source discharges. Now that the permit program is 
lunder control,, an increased emphasis will be'placed 
upon nonpoini sources. The 1983 goal will not be 
iehieved in all cases by controlling point sources 
alone. 5lonpoint "pKillutibn management programs 
are being developed or have been developed for the 
control pf siltation from construction sites, highway 
Iconstruction, and from silvicultural activities. Pes- 
]ticide runoff associated with lan^ application and 
*^he eventual con^niination of water is an area of 
^^ffency concern. As established point source con- 
^ro^ measures begin to take effect, actions should be 
ijitroduced which' addtess the remaining water 
Quality problems and their causes to determine 
whether proposed solutions should emphasize fur- 
ti^er controls pver point or nonpoint sources, or 
some combination of the two.' ' 

jrWo sections of the Act are useful for nonpoint 
soi;ii|ces management: lake restorative techniques 



under Section 304 (i), and clean lakes demomstration ] 
progranis under Section 314. Currently, $4 million 
has been allocated to initiate State clean lakes 
projects. 

Another major program area is the update of 
water quality standards. This continuing evolution 
in standards will be initiated with the publication of 
*\Quality Criteria for Water." These criteria incor- 
porate the latest published scjbntific information 
and will be ifsed as a basisr'for 'developing revised 
water quality standards. The criteria also will serve 
as a basis for raw water source criteria used in de- 
veloping finished drinking water standards. In 
order to provide a cohesive program utilizing a va- 
riety of laws such as the Drinking Water Act, P.L. 
93-523, and the "Federal Water Pollution Control 
Act, P.L, '92-500, a single activity can serve a dual 
purpose; this is exemplified in the use of the "Qual- 
ity Criteria for Water" for ,both the 1983 goals for 
P.L. 92-500 and as the criteria' for raw drinking, 
water sources. Another example of a^ collateral 
effort is the monitoring data which theyprogram 
provided for under Section 106(e) of P.^3 92-^)0. 
These data can be used for P.L. 92-523 undef Sec- 
tion 1431, the einergency powers, for monitoring of 
toxic orliazardous matei:ials in drinking water. 

Approaches will vary in different areas, but some 
common themei^ can be identified. Special efforts 
will be tak^n in nearly all areas to examine the na- 
ture of the urban runoff problem, including storm 
and combined sewers, and to develop'the appropri- 
ate strategy and tactics of control. 

Public participation is an essential component in 
developing and implementing water quality man- 
agement choices. Those who will both pay for and 
benefit from the activities must have an opportun- 
ity to 'provide inputs throughout the planning and 
management cycle. Constructive participation, * 
with resulting program improvements, should lead' 
to the public support^critical to the achievement of 
the goals of the Act. ' ^ * 

* Qne key to our success will be the extent ^ which 
we, ^ a society, can define and understand the 
integrity, quality, and behavior of the aquatic 
environment. We shall need\your input and help. 
This sjrmposium addressing the integrity of water 
is but one example of the Agency's desire to involve 
and solicit public paHicipation of diverse interests. 
I want to thank all of you for coming and helping us. 
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The 92nd Congress presented the Environmental 
Protection Agency with a significant and prcffound 
challenge in Section 304 of the Federal Water I^oUu- 
tiin Control Act Amendments of. 1972. That chal- 
leWe was to delineate the factors necessary to 
restore and maintain' the integrity of waters and 
the *^ factors necessary for the protection and 
propagation of all forms of life that associate them- 
selves with water. It is significant, of course, that 
thfe words "restore," "maintain," and "protect" 
have different connotations iti usage and different 
ehvironmeptal requirements for their fulfillment. 
Webster's Unabridged Dictionary defines the word 
"integrity" as possessing the quality or state of 
being complete or undivided,* of soundness, of 
organic unitjr, of an unimpaired or unmafned con- 
dition. • 

We have made every effort to permit intensive 
discussion of inipgrity factors in this Symposium" 
with noted speakers addressing physical, chemical, 
and biological conditions amenable for the begt uses 
of surface waters and of ground waters, fresh 
waters, and saline Waters. Equally important to^a 
Series of statements on. conditions for existence of 
water's best uses is an interpretation of the nriean- 
ing of such' discussions to regulatory and planning 
agencies in governments, to conservationists, to 
industry, and 'most important, to the public. In 
order to achieve success, the identificatioil and , 
delineation of conditions must be followed by imple- 
mentation through regulAion or proclamation, and 
recognition and acceptance by the public* • 

Interrelated and influencing factors that affect 
life in water, the uses of the water, and the us§rs of 
aquatic life span the dimensions of our knowledge of 
tlie aquatic environment. It is a long-established 
axiom of ecology that the physical and chemical 
'coniposition of an ecosystem influences the life that 
mdy survive and thrive thereip and each spe- 
cies that survives "or thrives interacts one with 
another to form the total ecosystem complex. Like- 
wise, the effects on a receiving waterway, either 
from direct or.indurect activities associated with 
man, have k significant influenqeon an ecosystem 
and niay increase its relative pfMuction of aquatic 



life or destrJs^ i^ompletely , either for recreaffion or 
as an .acceptablfe haBitat ^or organisms. Thus, 
changes in flow^ sjze, shape, depth, or contour pf a • 
waterway; changpsan^t€|mperature, pH, or relative 
relationship of^^nucal constituency; or changes in 
biotic potenti^ tWbugh introduced species, over- 
harvesting ofipaniciu^. species, or misconceived 
aquatic^managknent pii^ctices, may weD result in a 
plateauK)f accomplismneht that is far less than what 
I believe is*a generally accepted concept of ^restor- 
ing and maintaining: thV integrity of water. 
•Since investigators wsgan to define the^qualitj^f 
, this Nation's waters in\th^*f arly igOO's^ we have, 
recognized a general uniqueness in individual 
character among each of mir many lakes, as weU as . 
among major reaches of oW rivers and streams. A 
\ lak^ ecosystem in the mountainous terrain of Colo-* 
rado is far different in the natiire and extent of its 
components from a similar nabitajt *in the agricul- 
tural plains of Indiana or Illim)is- Judging from an 
interpretation <ff some names Jong attached to lake 
waters, some such lakes have presented biological 
problems from the -days when tlie Red Man^cooked 
the, profits from his hunt on their shores. Similarly, 
a fleeting glance would -be sufficient for any ohr- 
server to ascertain a diMimilarity iii the potential 
ior life in water betweerNJie mighty Missouri and 
Wiscbnsin's Bois Brule. Thijb, the land over which a 
waterway flows or the S(A over which it resides 
^mig with the physical aspects of the water body, 
de^mines to a considerable extent the' w^t^r's 
potential .for biotic prcfcluctivity. The meaning of 
water integrity, then,! should be adjusted to en- 
compass the range of idiosyncrasies of this Nation's 
many waters. 

.The intent of Congress was not that we revert 
each flowing stream and each lake to its jeweled 
^quality^ prior to the coming of man on this continent, 
for thdt can never be. Man has wrought many 
irreversible changes to the waterways; th6 cutting 
a of forests, the plowing of prairie sods, the construc- 
tion of i|iassive highway systems, and the building 
of cities have resulted in irreversible changes to the 
quality of waters that have been associated uirectly 
or indirectly with these events. The Western 
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States* Water Law of Prior Appropriation and the 
Eastern States' Riparian Law of Water Rights have 
particularly influenced and affected associated 
waters. Environmental catastrophies occur and 
, affect water quality either ephemerally or for vary- 
^ ing periods of significant time. Floods, drought, ice, 
wind, and even the recurring seasolis have^heir 
particular effects that will vary with the intensity 
of the occasion and with the type of aquatic ecosys- 
tem considered. 

Man, on the other hand, continues to affect water 
quality irreversibly and often irreparably with his 
many actions that result directly in point source 
pollution or indirectly in and as a contributing 
factor Jo diffuse source pollution. Both general 
sources contribute organic m^erials, inert silts, 
' t6xic pollutants, and nutrients Spd fertilizers that 
m^y stimulate eutrophication. It was the intent of 
, Congress that these sources be managed to control 
pollution to the maximum extent possible and to 
, restore and maintain water integrity as a result. 
Other activities that require intensive examination 
^nd decision are those that would alter the physical 
characteristics of waterways, detrimentally affect- 
ing their quality. The great natural wealth that 
originally made possible the growth and develop- 
ment of the United States included a generous 
endowment of shallow water and waterlogged wet- 
lands which exist aa^tnarshes, swam'ps, bogs,- pot- 
holes, sloughs, and river-overflpw lands. We have 
come* to recognize that the wetland resource, tor 
e^^ample, represents, an ecosystem of uniqtu& and [ 
major importance t6 the citizens of this. Nation and, 
as« result, requires extraordinary protection*/^ 
It was not, I believe, the legislative intent that 
. the integrity of water be "addressed as an entity 
separate from the many other piandates of the Fed- 
eral Water Pollution Control iftt Amendments of 
1972. No single section of .that Act was meant to 
stand alone. Those amendments represent a com- 
prehensive series of environmental controls and 
management practices. Th6 unstated goal of Public 
Law 92-500 is to restore and maintain to the maxi- 
mum degree possible the integrity of the Nation's 
waters. The Act provides for grants for research 
and development, for State pollution control pro- 
grams, for the construction of sewage treatment 
plants, for the development and implementation ot 
areawide waste treatment management plans, for 
basin planning, for lake.restoration, dnd for train- 
ing; It provides for the development of interrelated 
standards and enforcement to control the quality of 
effluent^, as well as of receiving waters. These ih- 
clude: the definition oibest practicable and best 
available effluent qualHy from iftdustries and 
municipalities to meet the goals of the Act; the de- 



velopment of water qu^^^ criteria to provide for 
water that "will supporinRsh and recreation; , the 
adoption of water quality standards; the^definition 
of national standards of performance for the control 
of the discharge of pollutants for ,new industrial 
sou^^; the development qi national toxic and pre- 
tr^fflent effluent standards;^ the improvement in 
oil a^d hazardous substances pollution abatement; 
the management of vessel wastes; the development" 
ofs provisions for thermal discharges; the develop- 
ment of provisions for aquaculture"; and the devel- 
opment of dredged ^or fill materials criteria. A 
comprehensive permit program was established to 
manage discharges. The$e legislative mandates all 
are interrelated with the concerns of this Nation to 
restore and maintain the best water quality that 
feasibly can be attained through the efforts of all to 
focus the Nation's pollution management technolo- 
gies oil that goal. > ^ 

At every step of the way, P.L. 92 500 mandates 
a . consideration ' of environmental integrity. The 
achievement of integrity clearly was considered to 
result from an implementation of. all facets of that 
law. Planning is a day-*to-day factor in our personal 
lives; y^se planning is essential to aqjiieve envir6n- 
m^tal integrity. Water quality must be of the 
highest to achiwe water integrity. Such quality is 
provided 'for in se^jeral ways in P.L. 92-500: in 
effluent limitations , that prescnbe the maximum 
degree of treatment technology economically feasi- 
ble; in ambient quality standards based on scientif- 
ically derived criteria that will enspre lil^ral water 
uses; and in^effluent standards for toXic substances. 

Ambient quality standards can be attaints only 
through appr^riate treatment of rnunicipal 
wastes. Again, the Act provides for liberal con- 
struction grant funds to build treatment plants, for 
research to develop innovative treatment or control 
methods, for th^ implementation of pretreatment 
standards*af>plicable to Industrie'^ that discharge to 
municipal systems, and for the training of operators 
to manage complex Wastewater treatment sjrstems. 
As an entity, P.L.^-500 provides for the process 
leading toward the attainmfent'bf water integrity.^ 

A% a society we have become cognizant of the 
economic impact of «ach of our actions. This neces- 
sity, stated on many occasions throughout P.L. 
92 500, often results in difficult en^^ronmental de- 
cisions. The statutory words **. . . wherever attain- 
able . - provide a degree of judgmental latitude. 
Prudence dictates that there are some individual 
waters where a purity akin to integrity is not cost 
effective. Some cannot be restored feasjbly. For all 
waters, however, P.L. 92 500 has become a basis 
for a national water ethic. Aldo Leopold's clarion 
call for a national land ethic slowly is beiHg realized 
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for the water. / 

Aldo Leopold was a giant of a past generation. He 
met an untimely death in 1948, but in Jiis lifetirile he 
was recognized as a great naturalist, teacher, and 
conservationist. Writing in **A Sand CJounty 
Almanac," which was published m 1949 after, fvis 
death, he admonished his readers to quit thinking 
about environmental problems solely from an eco- 



nomic standpoint. He wrote, **Examine each ques- 
tion in terms, of what is ethically and aesthetically 
right, as well as what is economically expedient. A 
thing is right \^hen it tends to preserVe the integ- 
rity, stability, and'beauty of the biotic community. 
It is Wrong when it tends otherwise." His words of a 
quarter of a century ago were germane ih their 
time; they remain germane today. » 



INCORPORATING ECOLOQICAL INTERPRETATION 
INTO BASICSTATUTES 



THOMAS JdRLING 

Director, Centerfor Environmental Studies 
Willlamstownliassach usetts 



In the remarks of the two EPA representatives 
~ preceding^me, I didn't perceive what I understand 
to be the 1972 Amendments; perhaps I should state 
a little bit about my background with the Act. I 
served on the staff of the Senate Committee on 
Public Works during the legislative process-leading 
to the enactment of P.L. 92-500r 

It is important to focus attention on one of the 
most innovative aspects of the 1972 Amendments; 
namely, the clear, unequivocal benchmM-k state- 
ment of biospheric integrity as the objective of the 
water pollution controLeffort. It's significant that it 
has taken 2V2 years for, EPA to focus attention on 
what is the overriding policy of the Act. The fact • 
that it is 2V2 years late and all other aspects of the ' 
Act are to be implemented under that rubric may 
account for many of the difficulties encountered 
the implementation of the Act to date. I thmk part 
of the deep concern I had'' in listening to the EPA 
representatives stems from their failure to inter- 
: pret the specific operation^ elements of the Act in 
terms of this poUcy.. I hppe.to clarify that failure as I 

proceed. . v 

The benchmark of biosphericf-iAtegrity as a con- 
■ cept that will have an ever-widening cu-cle of influ- -.. 

^ ence and <f e wiU see its applicability' in many areas 
of human affairs, domestically and internationally. 
For instance, as a reference in the consideration of 
the ozone layer of the atmosphere, the production 
and use-^f energy, the Wiovement of manmade 

"^. chemicals in' biogeocheniical cycles, and s8 on. It, 
will extend to providing a framework of making 

- dedsibns appUcable to such issues as contamination 
of the oceans, interbasin transfers of matter and 

' energy, the supply of materials and water, food 

- production, and ^ven the size and character of our 
institutions. Yeti it is a difficult concept as the con- 
ference topics themselves attest and it is a concept 
on which the dialogue level should be high. 

Prior to 1970, inithe case of the Clean Air Act,. 
' and 1972 in the case ohthe Water PoUution Control 
Act, one would searjch in vain torfind any statement 
of public, policy with respect to the quality of the 
environnlent to be^obtained finder these earlier 
Federal-State progi:ams. Neither air nor water pol- 
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lution was defined. The objectives spught were 
powhere stated. The regulatory statutes which 
were in effect at that time were circular, or boot- 
strap "efforts to achieve what, ito=^one knew. But 
whatever it was, it was to be "feasible." 

Prior to 1972, the Water Pollution Control Act 
was vague on what Congress intended to be 
achieved. It did not define or otherwise describe 
water pollution. Rather, the Act stated that its pur- 
^pose and its programs and procedures were "to 
achieve the prevention and -control ot water pol- 
lution." • .X i. J 

Yet, that undefined notion of what constituted 
water .pollution was further qualified in the Act s 
enforcement authority where a court, before issu- 
'ing any final abatement order on whatever water • 
poUution it found, was instructed to "give due con, 
sideration .to the prajtticability of complying with 
sucfi standards as may be applicable and the 
physical and economic ffeasibility of securing abate- 
ment of any poUution." It is not surprising, 
therefore, that abatement of water pollution was 
almost nonexistent under the earlier law. 

The purpose of this, conference is to discuss bio- 
logical integrity or ecological integrity.in the con- 
■-^-^textof water poUution. I wiU, therefore, confme my 
remarks to the Water PoUution Control,Act. How- 
ever, I would be remistf if I did not point out that 
the ambient air standards structure and the Clean 
Air Act have very similar characteristics, espe- 
ciaUy when it is recaUed that the secondary ambient 
air quality standard required to be achieved under 
the Qeap Air Act provides for the protection of eccH 
systems from any adverse effects. However, acid 
rain measurements that reveal pHs as low as three 
and sometimes evSn J)elow that, are being taken m 
areas (the northeastern U.S.) where the air quality 
is superior^fto the secondary .standard, as presently- 
promulgated. Therefore, the secondary standard, 
. at least in the case of oxides of sulphur, is deficient. 
In singling out^he Federal Air and Water PoUu- 
tion Control Laws, it should be noted that the defi- 
' ciency whicK I have described -the failure 'of 
Congress to state what is, to be achieved -is not 
unusual. In fact,. in most modern statutes. Congress 
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has not stated with any degree of precision what is 
to be achieved by the programs it erfacts. Rather, it , 
has granted or extended to ex^utlve agencies 
broad, almost unbounded, discretion- to determine 
what they are to do in a particular field and the only 
statutory reference is to do it within the amorphous 
standard of th^ public interest. 

This is the root caiiise of executive branch domi- 
nance over Ccmgr^ss. Congress has been deficient 
m Itanslatin^the public policy it desires to be 
achieved intxTspecific norms, {lather, it has shifted 
the burden of establishing policy to the Executive 
Branch with few, if any, guidelines or criteria as to 
what, when, even how public policy is to be carried 
out. In such a situation, the Executive Branch be- 
comes the forum m which negotiations are con- 
ducted, negotiations which really have no clear 
articulation of the alternatives or the assumptions. 
Perhaps that is sufficient jn the regulation of busi- 
ness practices, consumer protection, and in other 
areas, but I doubt it. It is clear that such an ap- 
proach is insufficient when the character of the life 
support system is at issue. 

Incorporating ecological principles into regula- 
tory statutes is not easy. Two quite different sets of 



conmiunities after biogeochemi^al cycles with a* 
minimum departure from the geological or back- ^ 
gKound rates^of change in the biosphere. 

Within th§ subset of issues ugder the label "prac- 
tical," we are looking at the question of whether or 
not a program which is established to acjiieve some- 
thing—a principle, a-purpose or an objective -will, 
m fact, achieve, it. We must examine the age-old 
maxim, is it enforceable? Again, a comparison of 
the old with the new program provides insight into 
the tremendous differences relative to practical and 
enforcement questions. ' 

A progr^ premised upon^the establishment of 
acceptable beneficial uses of water has inherent in 
it several layers of legal cause and effect relation- 
ships that^ enable easy frustration of enforceable 
requirements. 'First of all, there must be some 
notion, to the point of agreement, on what consti- 
tutes a "beneficial use/' If we look, at the old pro- 
gram we find that beneficial uses supposedly 
mclud^ .public water supplies, fish and wildlife 
protection, agricultural. Industrial .^d other uses. 
Following the establishment of the beneficial use 
for the water in question, there had to be agret- . 
ment on the criteria or scientific numbers for pollu- 



^ fc^Sw f^^^^ ^ ^"^^y water .which wodJaZ S^tag 

Li considermgthephdos^^ , out the supposed use. It should be no surpSTtef 



contrast the new program enacted in 1972 with the 
program it replaced because the two provide a con- 
ceptual framework in which to compare strongly 
divergent assumptions. Under the earlier program, 
the basic assumption was that the biosphere, and in 
particular the water component of the biosphere, 
was to be, and in fact^ existed to be, used. The 
specific language of the statute reflected this con- 
cept and we heard it described in both EPA 
presentations earlier. The measWe of water quality 
was to be its "beneficial use." Without getting into ' 
the debate on the historical origins of the concept of 
**use" that haVe been described by Lynn White and 
others, it is sufficientj^pr. our purposes simp^il^ say 
that earUer pollution conirol law was based on the 
assiunption that the components of the environ- 
fment existed to b^ used jby man, a creature that 
somehow existed apart from and- beyond the bio- 
sphere. , • 

The nevy program has a different underpinning. 
It assumes^ that man is a component of the bio- 
sphere and that relationship we seek to achieve 
with the environment is what some have ,called 
"harmony." Under this view, man is an integral,' if 
dominant, part of 'the structure andffunction of the 
biosph^^e. The intellectual roots ofuiis perspective 
are found in the study of evolution. The objective of 
this concept is the maximum patterning of human 



the program did not speakin terms of specific pollu- 
tants. Rather, it referred to what, in fact, are 
effects of polluttats: BOD, chemical oxygen 
demand,: pH, turbidity, suspended solids, and the 
like. The earlier program included a calculation of 
"the assimilative capacity" which can be defined as 
that volpme of pollutants which could be processed, 
treated, or' otherwise disposed of in the receiving 
waters while still maintaining the designated use. 
The calculation of such an assimilative capacity 
' assumed knowl^ge of the structure and function of 
the aquatic ecosystems over long periods of time, 
which siniply does not exist and will not exist into 
the indefinite future. Consequently, assimilative 
capacity became a rather rough, negotiated esti- 
mate, often made by lawyers and engineers, cer- 
tainly not by biologists, of what waste treatment 
services could be rendered by a particular reach of 
^ water. This calculation, or more accurately negoti- 
ated agreement of assimilative capacity, coupled 
with a determination of acceptable beneficial use 
and an agreement on the specific numbers or 
' criteria, created circumstances in which compro- 
mise and indefinite delay operated to frustrate 
enforceability. 

, Let^us consider, for instance, what was included 
in any estimate of criteria of water quality neces- 
v^sary to meet a given use. There must have been a 
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• prior estimate of the amount and ejfect of the input 
of pollutants from upstream waters. There must 
have been a prior estimate of the cumulative effect 
of all pollutants on downstream waters, especially 
the oceans. And we must continually recall that 
rivers contiiwe to be the most significant contribu- 
- tor of poUutants'to the estuaries and. the ocean. 
There had to be a prior estimate of the amount and 
'effects of knowable' and unknowable nonpoint 
sources of pollutants. There must have been a com- 
V piete' knowledge ql all components of the waste 
Xtream which, as the EPA representatives earlier 

- Admitted, is not even kiiowfa at the present time 

■ There must be complete and kccurate monitoring of 
both the waste discharge stream and the ambient 
environment, another- factor which does not yet 

exist. ' , ^. * 

It must be emphasized that all of these estimates 
were highly amenableio negotiation and to compro- 
mise and; more importantly, contained extrerhely 
high probabilities of error. It must also be empha- 
sized that all of these estimates would have to be 
estabUshed before any consideration was given to 
* determining effluent limitations or controls applica- 
ble to specif ic sources of pollutants. , . , , ^ 

Error in any sequential program in which later 
estimates are based upon prior estimates is multi- 
pUed in the final result. So, in addition to concepts 
such as beneficial use and assimilative capacity, the 
control program required rfui^her logical gymnas- 
tics such as the provision of mixing zones which, ol 
course, are defined as those areas of greater or les- 
ser distance around an outfall'source in which meas- 
urements are not taken. Mixing zones ai^e strictly 
for the purp6se of allowing another layer of negotia- 
tion and compromise, always with the burden of 

- proof on the government, the public, and^he 
en\5ironment, 

The net effect of the program was the application 
of controls which were fuUy in accwd with and 
acceptable to the interests of the dischkge source 
More importantly, the ^hole program assumed 
that matter and energy moved in linear pathways. 
It was fundamentally opposite to the notion of keep- 
: in^ matter and energy within constraimng cu-cleg 

Jj^T^e practical aspects of the^new program require 
controls to be 'set for sources of pollutants without 
regard to the ambient environment. The control 
measutes 'adopts are referenced to the present 
ability to recycle materials, energy, and water 
within the overall objective -of c6mplete recyclmg 
systems for industrial, mupicipal, and agricultural 
activities. There are, to be sure, opportunities to 
apply other factors in the consideration of what con- 
trols are to be imposed at particular times. The Act 



is structured so that time itsdf is the major factor,, 
as performance of sources Will be reviewed pgu- 
larly every 5 years; always uhder the overall policy 
of looking towards the reclaiming of pollutants and , 
the recycling -of water. It is* a happy coincidence 
.when enforceability and the philosophical premise 
• neatly complement each other. 

It - is appropriate now, almost 2 ^ears and 6 
months following enactment Of this major change in 
public policy, to review how it has b^n received 
and implemented. Many good things have hap- 
pened. Perhaps this conference is onfe of them, late 
though it is. I will not spend time reciting what 
good has been done, but rather focus on certam ele- 
ments of the implementation process as they relate • 
to the concept of ecological integrity . 

Here the results are not so good. Let us look at a 
few specific examples. The fu-st from the municipal 
waste treatment program. Along about 1900, legiti- 
mate concern with disease, especially cholera and 
typhoid, led to radical change in the view of mu- 
nicipal waste in this country. Prior to that time, the 
perspective, where there was one, was generally 
compatible with modern ecological principles. How- 
ever, at about that time ^d in large part con- 
tinuing thrpi^gh to today, our efforts at handling 
municipal waste shifted to a policy that can be 
characterized as chlorinate and dump. This notion, 
incidentally, based on the premise that the natural 
water systems perform waste treatment services, 
was greatly facilitated by the program of poUution 
control in effect prior to 1972. 

Possibly reflecting the rural character of our pop- 
ulation before 1900, it was common to incoiiwrate 
sewage through the application of such "waste to 
the land and agricultural activities -so-called sew- 
age farms. In a word, nutrients of high value were 
returned to the biogeochemical cycles from which 
they came. Even in large communities, such as Ber- 
lin, Pari^nd Melbourne, sewage systems had^his 
characteristic. ' , . < u r 

In an ecological context, they make sense. But 
the sense they make cannot be made clear unless 
the /components of municipal waste are broken 
down into, theu- specific biological,- cKfemical, and 
physical characteristics, a trilogy of words that 
appears often in the new Act . , ■c-da 

Thus, under the 1972 Amendments, the EPA 
Administrator was given 1 year to translate the old 
sanitary engineering notion of secondary treatment 
into a definition conforming to the requirements of 
the 1972 Act: specifically, to write an effluent hnu- 
tation at the level of performance achieved by sec- 
ondary treatment, as defined in Sectjpn 502, a 
restriction "established by a State or thfe'Adminis-. 
trator on quantities, rates and concentrations of 
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chemical, physical, and biological and other constit- 
uents which are discharged from point sources into 
the navigable waters." 

The Administrator, after the lapse of more than a 
year, promulgated an effluent limitation for secon- 
dary treatment which was written in terms that 
could have been written, in the 1920's. Secondary 
treatment was defined on August 17, 1973,:in terms 
of BOD, suspended solids, pH, and fecal coliform 
content. Such a definition reveals no understanding 
of the ecological character of municipal' waste. BOD 
is not a pollutant, it is an effect of a class of pollu- 
tants of organic character. 

.Municipal wast^ is comprised of, among other 
things, phosphorus, potassium, and nitrogen, the 
. standard nutrients of commercial fertilizer. These 
materials should have been incorporated into a new 
ecological definition of secondary treatment. Yet, 
this was not done and has not yet been done. 

Similarly, since municipal waste is, by the 
promulgated definition of EPA, considered to in-^ 
elude only those things which cause the effects 
recited in the definition, there is no recognition of 
"t*he fact that many exotic chemicals, including 
heavy metals and pathogens, are;working their way 
into the municipal w^te strearfe^ as a result of the 
use of sucH materials in industrial operations, hos- 
• pitals, and feven in household cleaners and the like. 

Until we move to the identification of the specific 
biological, chemical, and physical constituents of 
the municipal waste stream, we are not going to be 
given the conceptual framework in which to move 
towards recycling. 

More ominous than the activity of EPA in defin-v 
ing the secondary treatment effluent limitation has . 
been the interpretation of the Phase n or 1983 
requirements for municipal waste treatment sys- 
tems. These are termed in the Act as the "best 
practicable waste treatment technology." Ugder 
the Act, as recited in Section 201, these require^ 
ments are to provide for "the reclaiming and re- 
cycling of water and the confined and contained 
disposal of pollutants so they will not migrate to 
cause water or other environmental pollution." " 

Rather than promulgate a specific effluent limita- 
tion for the specific and different systems that meet 
this test, EPA is now defining the Phase 11 require- 
ment in what can be characterized as an ambient 
water quality standard. 

This failure of EPA to translate the municipal 
waste treatment requirements specifically in terms 
of recycling flies in the face of the Act and is poten- 
tially the most damaging aspect of inrnlementation. 
If continued, it will prevent any restructuring of 
society in accordance with ecological integrity. One 
woul^ hqpe that as" the Agency t:ontinu5ly evalu- 
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ites its position it will act i^ a manner mwe^; 
sistent with the spirit and the letter of the law. 

A second example. Many States and the EPA are 
issuing peraiits under Section 402 which speak in 
terms of mixing zones even though the definition of 
effluent limitation under the Act does not admit 
such a concept. The Agency continues to opt for 
escape from enforceability which the mixing zone 
represents. A mixing zone always affords an 
^alleged polluter the defense that it was not his efflu- 
"ent which caused or contributed to the violation at 
some arbitrary circle around an outfall, but rather, 
^to plead and shift the impossible burden to the gov- 
ernment and to the public, that it was the upstream 
■ ,waste load, or even the flow characteristics of the 
stream'that caused the pollution. 

Mixing zones are inherently unenforceable. In 
fact, under the Efiforcement Section, Section 309, 
there is no statutory authority to enforce such 
provisions. . v 

Perhaps t^e most important aspect for the eco- 
logical notion of reindiSrporation of matter and 
energy into biological cycles has been woven into 
the Act in Section 208, the Planning and Manage- 
- ment Section. In part, this process! should have 
been vie'M^ed by the Agency as an educational 
opportunity for th^ citizens of this counft^i; might 
add here that before educating the citizen^f the^ , 
coimtry, I would have hoped that EPA woulohnye 
sponsored within its own structure and for its o:,_. 
-personnel a prograrii similar to the Water Quality 
Institutes for citizens t^at were sponsored by the 
Conservation Foundation throughout the country. I 
think it^s very important tfiat everyone be educated 
to the new concepts that are in this Act. 
:^ We have come a long way from our rjural tradi- 
tion, where experience with growing organisms 
was a part of everyday life, to the point where a 
great majority of our citizens live in urban concen- 
trations and have no experience with living sys- 
tems. Food, energy, and housing tend to be viewed 
in such a culture as simply technological products. 
So also the management of waste. Yet ultimately, 
all of these life support requirements are drawn 
'from and have their source in the biospherfe. 

Section 208 provides an opportunity of great sig- 
nificance to view human habitations from the per- 
spective of ecological systems, to incorporate 
nutrient materiat back into the cycles from which 
they came, and to prevent the escape of exotic 
chemicals. However, as part of' the general resist- 
ance of this Agency and the Administration to Sec- 
tion 208, this e'ducational opportunity has fallen by 
the wayside. Our urban citizens are not being given 
informatioi^oncerning the nature of so-called 
waste material and the possibilities of including it in 
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they are simply told that the Waste treatment prob 
lem is an engineering. problem; /Tour-concrete on 
it" is the message. - „ v ♦ 

Food, energy, and materi^ are/all bemg pro- 
duced at greater and greater distances -gepgraphi- 
cal and technological di^tances-from/)ur people. 
Such remote systems make population centers very 
Vulnerable to disruption and hostage tp .systems of 
delivery. 

The water pollution control program* could have 
provided a counterpoint to such trends. It could and 
should ^enable us to loolrat the structure and func- 
tioning of human communities, much ^ we 16ok at 
natural communities, in terms of biogeochemical 
cycling. We could and still can, under the Act, rgove 
in these directions. 

In addition to the si)ecific areas where implemen- 
tation has failed to live up to the promise. and pur- 
pose of the 1972 Ahi^dments-the policy of ecolog- 
ical integrity -tTier/ has 'been a growing trend to 
impose so-called balancing, tradeoff, or benefit c<^t 
•analysis in establishing goals, objectives and oth^r 
requirements under the Act. ^ • 

Cost and benefits are inextricably a function of 
the system in which they are applied. They operate 
as positive an^megative feedback, mechanisms to 
keep the systembn the course on which it is em- 
barked, whether or not we know where it is going. 
Perhaps here it might be useful to add what I think 
is an accurate description of where our system is 
koing. It comes from H. G. Wells' lament in the 
classic paper, "Mind at the End of Its Tether." 

"Everything was, driving anyhow to anywhere at 
a steadily increasin g velocity 

Simply put, applying costs and benefits assures 
that society will not materially change;jor, by defir 
nition, any change which would cause a significant 
alteration in any pattern oi the existing society in 



It*provides an opportunity, if we use it,. to look at 
Khe structure and functioning of human commuiji.- 
ties as elements in th^ overall biosphere and make 
judgments about the life support requirements of 
those human communities. 

This is a tall order. Yet it is the direction in which 
we^must moye;at is the legacy of the concept of eco- 
logical integrity. • . * 

DISCUSSION * « ^ ^ ^ 

Comment: JJnder CFR-l33,x)ur Agency has de- 
fined' secondary treatment in terms of effluent 
levels; that is, for bCD, suspended solids, and 
microbiology. There is an effort afoot now to re- 
' move the microbiological effluent level froip that 
definition based upon the justification of conflict of 
beneficial uses and energy requirements. Fm just 
wondering if you wo\ild like to say a little bit about 

that. , I |., 

Mr. Jorling: Curiously enough, the fecal colilorm 
^is the only specific pollutant which is included 
\ within the definition. It is something which is dis- 
^ charged and is measurable' specifically. I suspect 

it's not just coincidence that it is a specific pollutant 

^nd that there ai-e attempts to remove it from the 

definition. 

With that much said, Tm still concerned because 
I do believe the singular attention to fecal coliform 
is unnecessary. There should be attention towards 
all the pathogenic materials in the municipd waste 
stream. But such attention should.be referenced to 
specific pathogens and not so much to E eolL Of 
-course, it's an easily identifiable bacteria and we 
had, back in the early stage's, of public health, the 
ability to test for it. Th6n followed guOt by associa- 
tion -if you found E coli you also had cholera and 
other potential disease causing organisms. 

I think we sWuld go beyond that stage now, plac- 
ing less emphasis on fecal coliforms and move to 



tprms of emDloyment patterns, altered consumer tt,^ .t^^o , 

STrns ScTng or limiting the amount of capitajf^^ other systems of waste treatment management and 
S retlifo^^^^^^ is an unacceptable cost.^focus on the more commonly known and also more 

^^^plyLgh^^^^^^ Whogenic materials m the. municipal ^waste 



tl\at our society will hot change. The crucjal ques- 
tion is whether the crusade to benefit cost or bal- 
ance every decision, especially decisions relating to 
public policy objectives, will do anything more than 
improve the e^iciency of the society in movmg 
along its course. My answer^is, probably not. That 
is, not until society comes to terms with at least 
some basic elemefnts of its destiny. Benefits and 
cost Should determine m*eans,.not ends.. 

The 1972 Amendments' Statement of Ecological 
Int^ity is a statement. of *«nds. That is, what is to 
be achieved. Put this way,1[t provides pe^^spective 
witbin which to make judgments about our future. 



stream . 

' Cotnmcnt: How dp you t)rotect the integrity of 
the ground water with appHcation of land treat- 
ment systems? Are the two integrities compatible? 

Mr. Jorling: I believe so, with effective manage- 
ment. I don't think if you're considering reapplica- 
tion of waste water to agricultural, aquacultural, 
silvicultUral, or other activities, that you just^ 
indiscriminately apply that waste to the soils.*What 
you do is piake studies of the particular climate, 
geological factors, and soil forn\ations you are 
working with and include within those calculations 
ground water considerations. 
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I don't think there^s anything incompatible be- 
tween the two. Properly managed, a system of re- 
application of waste water to the land can be done 
without jeopardy; in fact, it can enhance, iii the 
sense of not depleting, the groundwater system. 

Comment: Do ymi think that a significant retool- ' 
ing of what is nowHhe sanitary engineering com- 
munity would be required before any significant 
move to the recycling system with regard to munic- 
ipal waste? 

Mr. JorJing: I guess, to be' honest, a brief answer^ ^ 
to that question would be "yes." The sanitary 
engineering community, prin^ily the , consulting 
engineers who advise the communities around the 
country of what their problem is and how to solve 
it, has long, tenuous roots in water pollution con- 
trol. It goes back to the problems with disease that 
I.mentioned in my statement and the chlorinate and 
dump philosophy. Retooling is a difficult thing to 
achieve in any situation. I would hope at least edu- 
cational efforts would be undertaken. Yet, from the 
perspective that I now observe the program, that 
is, from a community that's tryfiig to put in a waste 
treatment facility, it's obvious that there is nothing 
from the top coming down to the regional offices, to 
the States, or to the communities with respect to 
these concepts. 

Rather, the attitude is still, very pimply, pour 
concrete on it. Pull out the old f6rm for^a secondary 
plantt like 'a lawyer pulls out, a will, and build it. 
That's what we still observe. So we do need^ a 
tremendous amount ^of innovation and education 
within the structure of the water pollution control 
program as well as what I suggested, which is an 
educational effort among the citizens of the country, 
on what their life support rie^3s and requirements' 



are 



Comment: I'd just like to comment' on this ex- 
change that took place. In Dlinois we haVe had over 
the past few years at least two significant major 



proposals for wastewaterWcycling or some form of 
recycling of municipal wastp on.a large scale. One of 
them has been implemented by. Metropolitan Sani- 
tary District of Greater Chicago in^their prairie 
plant. The other, the infamous study.df thejChic^go 
District Corps of Engine/ers has not been hnple- 
ment^d and, I think it's' safe to say, won't be. In - ' 
both cases,, thesie are. proposals that have Been^ ' 
made by the sanitary engineers and hav^ruifup 
against a great deal of extreme resistance/ not by' 
the urban people who are generating the waste, no^ 
by the technical people who must design tfie sys-\ ^ 
tem, but, surprisingly enough arid I think cdunter \ * 
to your comment earlier, by the rur^ residenis-wjiio 
don't want that Chicago waste material deposited 
upon their farm lands. Would you care to comment 
on that problem? ' 

Mr. Jorling: I'm not as familiar with the circum-' 
stances ,of this as you are,' but I do recognize the 
accuracy of your comment that the opposition ^as 
generated in the northern areas of Indiana. I'm not' 
sure that tfie reaction had its initiation with the,, 
riu-al residents as much as it had with' some of the 
^^olitical representatives of those people. Once tKe 
•^Snomentum of reaction was established it was im- \ 
possible to reinject rationality. It became impossi- 
ble to consider what the material was and what it ' 
could represent. I think, also, the Corps of Engi- 
neers and the Environmental Protection Agency in- 
stead of operating in diverse directions when that 
study, was, being performed could have worked in 
harmony with the 1972 Act and could 'have over- 
come a large measure of that opposition in advance * 
instead of just standing above Northern Indiana, ^ 
, It were, proposing to dfop'all the waste of Chicago ' 
on it, "unbeknownst to the people of Indiana. Until 
that time there could have been much more work- 
ing with people. Section 208 inci(Jentally, provides x 
that vehicle^/ ^ \ 
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J^arly 10 years ago there was anothet "integ- 
rity'* confere*e here in Washington.^ While the 
subject of that conference, The Integrity of 
Science; dealt with a very different issue, there are 
some interesting threads leading from it to oifr , 
present meeting. Barry Commoner, in speaking of 
the issues touched on in The Integrity of Science, 
said, 

There are serious disparities between the traditional princi- 
ples of science and modern realities. Perhaps the old ideals 
are no longer valid, and the present departures from them 
are a successful adaptation of science to its new position of 
power and importance. Or are the traditional principles of 
sdenre still applicable? And in any case, what are the conse- 
quences of the growing tendency to encroach upon them? 
Does this tendency weaken science and impair its techn^log- 
ical usefulness; could it cause some of the evils which seem 
* \to follow so closely on the heels of modern scientific 
progress? 

We have seen science assume a greater role in 
our lives and become a powerful political force. At 
first the change was manifested in the adoption of 
new technologies, with the engineer assuming in- 
creasing importance, then the physicist, the biolo- 
gist, the chemist. In the p^t decade* a new disci- 
pline has risen to a preeminent role in charting the 
course of political' action both through shaping pub- 
lic opinion and through dkect political action -that 
discipline is ecology. " , 

Another alteration in the role of science m our 
society results from the conflict between the in- 
creasing rate of societal and technological innova- 
tion and the tu^e available for research. Scientists 
must perform the necessary experiments to ob- 
serve and measure the effects of such change and 
innovation. But, while we have been very busy 
observing, notingrand quantitying, we find that the 
^informational base needed to cope.wth present 
knowledge demands is sadly lacking. Joel Hedg- 
peth has suggested that "the search for simple 
approaches and magic numbers that may be ob- 
tained with relative ease has led some pragmatic 
ecologists down the primros.e path of theoretical 
ecology." ' While I do not really relish initiating a 
debate on the subject of theoretical ecology, it does 
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seem to follow that scientific method may be re- 
sMnding to the pressures for immediate analysis of 
^j^bonipental change. How else could such won- 
derful expressions as pre-site survey ^d post-site • 
survey have entered the vocabulary of even the - 
under^aduate student? 

The Heed for data is clearly Qutstripping the abil- 
ity of sQlenceJe^produce. As a result/fectentists now 
more fi^quehtly appear .in the p/ublic forum to 
argue a|5ase without the conclusive factual informa- 
tion reqwed by them some years ago. The simple 
fact of tnl matter is that decisions affecting our 
Twes and Vur futures are being made each day." 
Unless wk Who have technical information, or even 
"eduQated^pinions," participate in those decisions, 
we shall n\t be able to look back and be critical— ^ 
there may be no point from which to look b^ck. The 
increasingly important role of technical information 
in decisionmaking results from the technological 
explosion' brought about by scientific advance. We 
cannot abrogate our responsibility for.participating 
in making decisions ab6ut our lives and our futiwes. 

Our present seminar\oncerns integrity of water. 
We are called upon to address this subject because 
of the federal legislation entitled Federal Water. 
Pollution Control Act Amendments of 1972, which . 
states in its Declaration of Goals and Policy: *The 
objective of this* act is, to restore and maintain the 
chemical, physical, and biological integrity of the 
Nation's waters." Walter Westman reviewed the 
debates that led id the wording of the act: 

Controversies surrounding the drafting orwater poUution 
- control legislation are often ^iased on differences in the 
ultimate water quality goals sought. Less obviously, but no 
less importantly, the controversies are usually rooted m 
iundamentall3» different, methods 0/ conceptualizmg the 
nature'and behavior of poUutants. These differences are of ^ 
crucial significance, sifice they Kav& mfluenced the 
strategies for legal control of water pp^ution not on^^ m the 
United States but in many other parts{of the worW, . . . I 
will . . . [use), for want of fetter terms, 't^wo rather emotion^ 
laden word? to characterize the viewpdjnts: technological 
and ecological.* ; ^ . * i 

The importance of what we are aHout in these 8^^ 
days rests not only in our specific charge, i;he dis- 
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cussion qf the meaningrof integrity as it is applied to 
the Nation's waters, but also in a fundamental issue 
^ of the. responsibility of science. The Federal Water 
Pollution Control Act Amendments'of 1^72 contain 
a basic .philosophical shift in.-water management 
' from one of standards (technofogical approach) to 
one of ihtegrity (ecological approach). This is a sig- 
, "nificant achievement. . . ' 

Science has"a new set of responsibilities, some of 
which my -colleagues do not feel comfortable with. I 
b§lieve that Barry Conjmoner's words on the 
integrity of science are useful to us today^ but in ,a 
different context. Sdence has- a hew responsibUity. 
one not oft^n faced up'to— that is, the responsibility 
for assisting?', more than ever before,^ the amor- 
phous group we aqadepiics tend to Jump together as 
"decisionmakers; in making decisions which affect 
us all ahiin taking action in the absence of informa- 
V tion and data! In doing this, .we ^tep outside the 
traditional conservatism of science and enter into a 
-role emphasizing the disparity between "traditional 
principles pf scifenc^ and modern realities." Our 
purpose is to wotJc toward a definition of integrity 
that will allow its application in regulating the 
Nation's waters. \ ■ •^ 

I am somewhat kwed at being the ftfst of the 
speakers from 'th6 scientific community, sur- 
rounded as I am by s6me of the leading ecol6gists in 
the country. My owA knowledge of water quality 
,and aquatic ecology isUimited. My present role as a 
director of a Sea Grant program has placed me in 
the context of a pragmktist concerned with the de- " 
vdopment of the resources of the marine Environ- 
ment and only indirectly\ with the question of water 
quality and its monitoring and regulation. Thos^ of 
\r6 who deal with the nkrine environment, tiow-' . 
everi are rapidly becoming highly sensitized to the 
rapid decay of the quality ^ that last repository ol 
wastes-rthe oceans. Within ihyown State's wa- 
ters, we have two outstanding examples of the 
uncontrolled impact of mani Lake Erie and New 
York Bight. AV^ have alsorseen. inNew York State, 
the response of citizens ai)d of the aquatic environ- 
ment itself to a vigorous program of water quality 
improvement -a dramatic change in ecological, so- 
cial, aesthetic, and economic values. 

A small Sea Graiit-sponsored study of the 
property values of Chautauqua and Erie Counties in 
New. York showed that from 1955 to the present, 
land values along Lake Erie did not increase (in con- 
stant dollars), while those of small, **pristine" (but 
ecologically threatened) Chautauqua Lake in- 
creased over fivefold. Other economic factors 
such as tax revenues, employment, and recrea- 
tional utilization are similarly linked to the per- 
ceived value of the aquatic resource. Popular 



' attitudes can be changed and are d^anging in the 
region mentioned as citizens become awa^e of the 
-revitalization-of a i^source. There is, therefore, an 
• economic and s6cial return to be obtained from im- 
proving water quality . 

The real issue- is, however, much more funda- 
mental and far-reaqhipg. Some set the issue at the 
point of survival foAhe human species. In this con- 
text, it might be well to look for t^e antecedents of 
the concept of integrity as applied to water regula- 
tion. It is my understanding thjit our colleague 
George Woodwell proposed this concept in a letter 
to Senator Muskie in 1971. 1 am certain that one can 
traqe Dr, Woodwel^s concern far b&ck through ks 
prolific writings as well as follow its expression for- 
ward in some of his latest articles. Dr. WpodwelFs 
basic argument, as I see it, is that we are really 
addr^ing only one aspect of the fundamental 
problem,^hen we look at water quality. We are^ 
seeing oiilj^a part of the impact of ma^s burgeon- 
ing populatipiiupon the life system of thi^ planet. In 
the public -mind, the population issud has taken 
second place to the immediate problem ^{ energy 
supply. The preeminent concern today is t^e human 
activity generating energy. WoodweU has stated; 
There is a common tendency to think of pressures on tjie 
environment as directly correlated with the^owth of popu- 
lation; and so they aa^ Tfie population of the earth is ex- 
pected to double in the nei^ 80 to 35 years. But pressures on 
the environment are also a product of human activities.' . . . 
there are abundant signs that^growth in human influences 
has already progressed to fhe pdint where . . , individually 
small insults are worldwide . . we are changing the 
physics, chemistry, and biology of the.whole iarth, a clear 
sign that growth in the aggregate effect of man has already 
< exceeded the point .where we can r.ely upon the classical 
assumptions about further growth.' 

We are fortunate that a colleague, Walter West- 
man, .was involved ^ a "full-time ecological 
advisor" during the drafting of ^the Federal Water 
Pollution Control Act ^endnients of 1972, Md 
even more fortunate th^t he did us the great serv- 
ice of summarizing that Enterprise from the yiew-^ 
point of the ecologist. 

I should like now ^to tevie^ the fundan\ental 
change that occurred in >yater quality legislation, 
and 1 3hall lean heavily upon Dr. Westman's article 
in so doing. Westman usefully cbntrasted what he 
termed the "technological approach" and "ecologi- 
cal approach'* to water pollution control in five leg- 
islative "issues": water quality goals, mode of treat- 
ment of pollutants, mode of classification of 
pollutants, mode of monitoring the success of pollu- 
ta(nt reboval, and the legal point (A control. 

ISSUE ONE— GOALS 

Tom Jorling has already pointed out thafone of 
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estimated has produc,ed a infused ferment of ecp- 
logic^ studies in which still untfest^d tlieories may 
be frozen into bureaucratic procedures and inade- 
quately trained personnel may bi canonized as con; 
suiting e^||psts." " 

ISSUE TWO-^MODE OF '"^ 
TREATMENT OF POLLUTANTS • 

- The ecological approach t<j th6r problem* is, of 
course, to eliminate the discftafge of wastes into 
water i)odies and to emphasize the recycling of 
wastes and the utilization of land-use controls for 
the nonpoint sources. Unhappily, although some 
claim that answers to this approacli are at hand. 



the great* deficiencies'^of previous attempts to con- 
trol water pollution was the absence of a clearly 
stated goal. In so doing he stated what might be 
called an "ecological imperative"— that is, it is 
imperative for ecology to be" utilized. Jorling'Said 
**. . . due consideration to thct^practicalitjr of com- • 
plying ^with such standards may be applicable 
and the physical and economic legibility of sfecut*- 
ing abatement of any pollution." The 1972 Act,^ 
however, clearly states that restoration and main- 
.te nance of the physical, chemical, and biological 
waterways shall be its goal. This,* of course, con- 
trasts with previous definitions, which wei^e 
couched in terms of man's uses* of weiterways* This 

change sets a higher goal,'which, I am sure it will ^ — * * , , , 

be argued, \)laces an unnecessarily high cost upon^ there are many yet unsolved problems, and we fmd ^ 
society. Many take the contrary position on the^-«iat in several cases there'is not yet a t^hn^^^^ • 



Ji>asis that the natural state has the ability to main- 
tain itself without the technological intervention of 
man, in itself energy consumptive. 

Also embedded in this statement of goals is the 
^ange in thinking, with regard to the concept ol 
**assimilative capacity." Ecologists argue with con- 
siderable force that there is no assimilative capac- 
ity, that any, ad(ditive has some fffect upon, the sys- 
tem at sonie point— immediately or in the "far 
field." We have difficulty in predicting the fate of 
pollutants. ' John Cairns has stated: "Anything 
added ta or removed from natural waters will 
probatiy cause '^some change in the system, 
whether naturally or by the activities of man. Our 
perception of these changes is limited "by the preci- 
sion of our assessment methods and by the limited 
background information On the structure, function, 
and rate of change of natural systems."-* 
W^tman called attention to^^the inadequacy of 

- the human-use, approach to water quality stand- 
ards: "Thi^ kind of assumption [assimilative capac- 
ity] is made throughout any use-classification sys- 
tem for streams, almost invariably without a d^ 



cal fix" but rather only a movement of the "prob- 
lem" to yet another point in our biosphere. . ^ 

.Have we indeed removed the source of pollu- 
tants? Are we, truly r'fecycling? Or, are^e causmg 
new and as yet unrecognized problen^^ Many of 
you here today Will say that the answer clearly lieff 
in , recognizing the fundamental fact, that we may 
have too m.any people, too many chepiicals of un- 
known character and behavior. It is-manifestly sim- 
pler to remove materials from discharges before^ 
they enter the natural system than it is^to track 
them through the system and follow all the new ^ 
combinations, linkage^ and synergisms that occijr. 
I recall a colleaguj^Jn a large firm which plated an^^ 
otherwise pickled metals. In a spirit of environ- 
mental consciousness he volunteered to work, on 
his own time, with the company to reduce theur 
waste discharge. -He was led to4he large tank at the 
end of the processing system into which" all th^pick-^ 
ling waters were drained and told, tThere*s the raw 
^material,, go to it!" To his horror he found that the 
slurry in this tank was the combined wastes of six 
different metal treating process lines. The slurry 



tem lor streams, aimosi mvanauiy witnuut « «^ .-o * - 

tailed foreknowledge of the fate of pollutants in the was mcredibly cojnplex and bogriedybs chem- 
« «T 11 1 A u„ *u« oK. iPQi-onoinperinor mmd. His su^eestiMi that the 



stream." We are continually plagued by the ab- 
sence of knowledge or data; we cry out that we can^^ 
not answer*4he question— yet. As we move from 
the concept of assimilative capacity, and its corol- 
lary human-use standards, to tjie concept of integ- 
rity, we will have to answer the question of what 
integrity is. I am sure that we shall also be asked, 
how do you measure it? 

My esteemed colleague, the peripatetic marine 
ecobgist Joel Hedgpeth, in Writing on the Impact of 
Impact Studies, called attention to the problems 
caused by our own uncertainties about natural bio- 
logical systems. He said: "From the more practical 
viewpoint, however, the requirement that the po- 
tential ^ffect of projects upon the environment be 



ical-engineering mind. His suggestic^ that the 
^wastes from each of the six processes be ac- 
ciimulated separately and "reclaimed" ii^ividu- 
ally was greeted with cries about the'expehses of ^ 
repiping and new construction. While my tale is 
admittedly drawn from the oljd days— perhaps 6 
years ago— the fact remains^that treatment at the 
source is less expfensive than treatment farther 
downstream; treatment by elimination oi the 
product itself from^our society may be the final 
answer. , * • 

Not all share my viewpoint tlfat^ engineering' i$ 
more an art than a precise science. But I- believe the 
critical question we must a^k wjthws^t t^treat- 
' merit of pollutants through recycHngns— can we do 
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it? Toip* Jorling has argued that we are not even^ 
progressingon the regul2|tory front. ' 

' ' p 

ISSUE THREE-CUSSIFICATION , 

OF POLLUTANTS ^ 

Westman states that the classification cof poUu? 
tants under the ecological approacl«i^niay *be dealt • 
with by measiiringXheu: effects upon the biology of 
'the r^eiving 'Waters. He divided pollutants into^ 
four categories: nutrients, nonnutrients, toxic sub- * 
stances, and pathogens. Nutrients were considered 
in terms of their potential to accelerate eutrophica- 
tton; nonnutrients were thosis materials that would 
not be transformed within l.week and that tvould ' 
have principally a physical effect upon the receiving 
waters. HcLrecpgnized, however, that nonnutrient 
pollutants hact'a particularly important character- 
istic in that the^:, contain^ Ynany materials of un- 
known futiire. activity and that^any might be bet- 
ter classed as toxic substances. He defined toxic 
substances with consideration for the concentration 
at which the substance was active. Exposure, in- - 
gestion, inhalation, or assimilation of substances 
that cou](dN:ause death, disease, behavioral abnor- 
malities, cancer, genetic mutations, physiological 
malfunctions, x)r physic^J deformations were the 
basis for including a substance in this category. 
^WoodweU has, on the other hand, argued that 
standards for toxins cannot be set on the basis of 
thresholds for effects; our capability to* measure 
thresholds is inadequate for the bewilde^ing va- 
riety Of substances that can be released. There is no 
way to control releases or to monitor substances 
released. Arid there is "little basis for, the belief ' 
that natural thresholds for effects on natural eco- 
systems exist." " 



ISSUE FOUR— POLLUTANT REMOVAL 

* The success of pollutant removal under the eco- 
logical approach is to be monitored biologically in 
the stream, as contrasted with the technological 
approach of monitoxuri|; effluents in-plant.^This ap- 
proach will require observing the health of 
organisms in the stream at every level of the food 
chain. Hedgpeth stated, with respect to the Na- 
tional Environmental Protection Act, an argument 
equally cogent here: 

This, requirement of impact studies that jp practice mu^t 
meet the scrutiny, of hungry lawyer^ advised stib-rosa by 
some of our better ecologists; should have an especiaify s^al- 
utary influence upon field studies in the coa^ zone. ... So 
far, these studies, intended to produce "base line" informa* 
tion, have not been impressive, primarily because of the re- 
luctance of the industries ^ind agencies concerned to finance 




them adequat^y, ahd seco^arOy because the work has 
^ ^been carried out by consultants and assistants lacking the 
training or understanding, necessai-y for si^ch work. Yet, 
insofar as studies relative to possible environmental 
» changes in the sho^ zone tu*e'conperned; jv^ have known 
what should have been done lor mor^ than IO9 years, and 
for at leasl^ years have had some sound adv 
^ even in plain English." 

, Clearly, it is this aspect of thet^ecolegic 
to wate| pollution colitrol which will '..,^,3^ 
greatest effort by the^scientifi€*fetfimunity 
^pijpaQhis'towork. " * *. , ; 

. ' ' • I 

ISSUE FIVE-UEGAL \\ ^ 
POINT qP CONTROL , ^ 

The ultin\|ite piffall of the technological apprqach 
to, control was that it required the enforcement 
^agency to be able to predict th«Ceffects an effluent 
• wmild have upon the body of water. Th? cpmplexi- 
iMs that factor^lnto sucl]L^^pability 'are somewhat 
gre^tVr than science has beeji dble to master. 

In: the ecological ai)proacK Westman insists, the 
dflemtna^ persists, fhe goal is to achieve the integ- 
rity of the physical, chemic&l, and biological charac- 
teristics of the w^ater. It is .tacitly assumed, at least 
to my mind,- tliat only pi:istine \vaters possess 
integrity,, for ip these watefs time^and evolution 
have interplayed to produce a fauna and a flora 
adapted to the natiu-al cjiaracteristics of their 
envir<<iment! Westman argues that to 'allow any- 
thing short of thfa leads again tp the.uncertainties 
of relatingv'effl^gnt composition to effluent effects 
upon* water qualiQ. It was.tfiis ireasoning which led 
Congress to state? "It is the national goal that^the 
discharge of pollutant^ into navigable waters be 
eliminated by 1985. . The means to nieet this 
goal is close*cycle technology^ V 

We insert at this point the complicated question 
of our ability to solve the problfem technologically,' 
the economic costs of accomplisljing the objective, 
and the alterMive or "tradeoff, costs" of^not doing 
something. // ,^ ^ • ' 

As point^ out in the preceding paper, the 1972 
Water Pollutioir Control Act set a de^r objective jln 
the statement/of goal with which it v/sM ^irefaced. 
The Act ph^qjeded fuF^^'to make sgme cle.^r 
statenients establi^hing\he mode of getting to tiie 
objectrve-. One might ask, however. How do we 
nieasure our success or failure'iameeting the objec- 
tive, whether tnat success or failure be legislative, 
interpretive, regulatory, enforcement, .technologic 
cal, or other'. If we measure progress toward the 
goal through the character j>f the biota of streams, 
are we not simply looking at "assimilatl^ capac- 
ity"? Are we not, if we^examine only w% point 
downstream of fiischarge; perhaps oversimplifying 
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the problem, fo|f the eUeCk may simply have moved 
farther downstream. To use a homely example, 
much of the upper Hudson River has "improved** in 
!• w:ater quality to the point where it is now "safe" for ,i 
' use by humai^s for a variety of recreational pur- 
poses. Thero^t causes have been transferred, how- 
ever, to th^^ substrate, and to the downstream 
reaches .^Thefre is a cosmetic character to improved 
water qualiw which causes relaxation of vigil and 
effort towariis improvement. 



Better guidance may'have been given by our col- 
league ^t this meeting, John Cairns, who con- 
cluded: "Predicting and judging environmental 
impact with precision are areas in -which biologists 
must^cel. . . Good management is always*prefer- 
able to "fire-fighting"! Both biologists and indus- 
trialists will have to be more flexible if we are to 
preserve some of the desirable qualities of life on an 
over-populated planet." 
I began this discussion by referring to an earlier 



fort towarijs improvement. ^ u^^au i^mo .^.^y...^ ^ 

On the other hand, we can measure our faUure to conference on The Integrity of Science. I should^ like 
u.' r.4.^4-^A :^ *u-r> A«f Kv rkKcomfi'no* fur- to niiotp from some of its findings: ^ 



achieve the goal stated in the Act by observing fur 
ther degradation. As a group of scientists, we have* 
not achieved n, clearly stated consensus on the 
limits of further degradation. I do believe that a 
clear majority feel that we are approaching the 
limits of our ecosystem and I further believe that 
many citizens are equally aware and concerned 
about those limits. Tom Jorling has spoken elo- 
quently of the failure of the Environmental Protec- 
tion Agency to capture an educational opportunity 
to identify the need to reincorporate nutrient mate- 
rials into the ecosystem and the cycles fnom which 
thfey were derived. This is clearly not an engineer- 
ing problem, for if 'it were, we would have substan- 
tially moyed toward its alleviation . 

I cite as an instance the vexin&que§tiori of sludge 
dumping in New York Bight. Faced with disposal of 
•a potential nutrient simplify her^, for the re- 
moval of toxic materials from the sludge is indeed a 
technoldgical problenl), many engineers, scientists, 
governmental adnynistrators, and most citizens 
view the solution solely in terms of moving the 
dump site farther from the shores. If indeed the 
educational oppbrtuiiity had been seized, public 
Hearings on the (jumping of sludge would now be 
filled with clamor a/id furor over the technology of 
recycling, not, as at present, on shifting the site. 

The matters to be discussed in this conference on 
The Integrity of Water are many and complex. I 
wifeh that I could offer some simple resolution to the ^ 
problem.* I am, however, only able to fall back on ' 
the anecdote recounted by John Steinh^rt: "A ^ 
prominent economist was addressing a meeting (A- 
economists, taking them to t^ask for their enornous ' 
self-pride in being hard-headed in dealing with 
. world problenis\ He suggested that tpey weren*t as^ 
hard-headfed as^'they thought and he offered them a 
succinct solution to th€f»i?vorld's problems— eco- 
*nomic, environmental, and otherwise. His sugges- 
tion— "eat rich p^le." 

Steiiihart urged us to think about it— the process' 
of ^continually lopping off the top ot the pyramid. 
Steinhart suggested that ***the somewhat didactic 
moral is that mqrally a^eptable solutions are not 
guarariteed from analysis." " 



to quote from some of its findings: 

... the ultimate source of the strength of science will not be 
found in its impressive products or in its powerful instru- 
ments. It will be found in the minds of the scientists.- and in 
^ the system of discourse which scientists h'ave developed in 
order to describe what they know and to perfect their 
undf^rstanding of what they have learned. It is these in- 
' teriial factors— the methods, proc^ures, and processes 
whiih scientists use to discover and to discuss th^ proper- 
ties of the natural world— which have given science its great 
succJ^ss. We shall refer to these processes and, to the 
organization of science on which they depend ^as the integ- 
rity of science.'' 

My closing observation is that our Nation is now 
in the midst of a turmoil caused by immediate'prob- 
lems— the economy, energy supply, and 'a host of 
other heatedly debated subjects. We must not lose 
sight of the largep issues, howeVer. Bentley Glass, 
addressing the **Goals of Human Society/* summed 
it up thus: ^ 

The study of the limits of man's resources on earth— the 
limits of energy, atmosphere, water, soil, foods, minerals, 
and fuels, and species of utilizable organisms -should be 
coupled with a vastly improved basis tfir technology assess- 
ment. . . The cry will be made that such a system would 
greatly retard the introduction of innovations in modern 
enterprise, would reduce profits, halt economic growth, and 
put an end to 'progress.* That may well be so. The shib* 
boletM of an ever-expandingfeconomy and of neVer-ending 
growth have deluded modern man long enough. With such 
clear signs that we are pushing to the limits of the earths 
resources iri m^ny ways, perhaps >ye are ready to recognize 
that human progress in well-bein^ is not synonymous with 
greater numbers of people or steady increase in the rate of 
exploitation and pollution of the environment.'' 
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DISCUSSION . . 1 

Comment: With the remarks we had this 
merning, I wonder if, in a sense, we aren't using t1}^ 
terpis physical, chemical, and biological integrity to 
help escapd'the real intent of the law. Speaking as 
an ecologist, I have to make a confession, at least 
from my personal poiint of view: we ecologists still 
^ have not graduated to the level of science that 
chemists and physicists have. Our paradigm is not 
that c}fearly defined. In a sense the term "in^jnty 
of the system" would seem to me to be alMv^ a 
cop-out becau^ what the law states, and correct 
me if Tm wrong, is that we are taking a look at our 
Natioo's -waters from essentially an historical per- 
spective,. trying to get back to that kind^pf environ- 
ment or that kind of ecosystem that was present 
before pollution occurred. That, in fact, is a value 
'that is not a result of scientific thinking along this 
particular line. We can, I think, rationalize from an 
ecological point of view that I^ake Erie from fhe 
^^ime it was first explored by^the French warriors to 
the time that it reached its highfet level of eutro- 
phh^tion was, in fact, a physically and chemically 
and biologically integral system. It had its integrity 
from a'fiLinctional point of view. It worked. It func- 
tioned. It 4id not die. I wonder just how much we 
are confusing the Issue with some terms that pei^- 
haps'^should^be looked at in a somewhat differerit 
perspective than we have in the past. Perhaps one 
of the reasons that we failed in the education 
process is essentially that we really don't kn0w ' 
what we're talking abotit when We talk about 
integrity in terms of its application for a set of 
values. 

Dn Squires: I'd enjoy an opportunity to speak to 
that because I think there is an elehfienf in your 
premise that I would argue with. I don't think that 




the concept of integrity needs to be one of returning 
to^a previous state. That would indeed mean that 
we would not only haYe to eat rich people but a 
great many others. 

What we really have to look fc^r is a means ^y 
which we can preserve natural systems, and, by 
that I mean physical, chemical, and biological sys- 
tems^ at a level which provides us,, the" human 
species, with a means for survival. We have if do 
this in a way which is least jconsumptive of energy. I 
thitili: a pretty rational case can be madethat better 
tre^ment of pollutants prior to their behigplaced 
intij) lany receiving' body of water is less cor^u^ip- 
tiv^ I of energy than it is to try and maintain 
integrity of the system pnce you have polluted it. 

I think that's the; key issue. Do I depart from 
your thinking? \ ^ 

CommenU Nq^ not at all. However, I wbtild say it 
is an expression of a set of values that we're trying 
to describe, jtoo. I think someone mentioned 9r re- 
ferred to, Aldo Leopold and the ecological and con- 
servation et^ic earlier this morning. This is really 
what we are |talking about —i^ application. 

Dij. Squire^: Again I want to return to the point 
that jthSfe moist impressive part of this p^articular 
piec^ of legi^tion is that a goal was stated. With-^ 
out a goal one has no .direction in which to move,* 
one jias no ^biliCy to set force^^ work to make 
progi-ess andjone has no way to measure 6i*'s prog- 
ress toward^ achieving the goal'. The facft that a 
goal has beeA set is the most significant thing done 
in this particular piece of legislation. Whether or 
not we can achieve it and how we go about achiev- 
ing it are subjects for discussion. But the f acVi^fhat 
the goal is compatible with the very simple factor of 
survival— that's the key. 
Comment: I have no argument with that* 
Mr. Jorling: It's certainly a value'judgment to 
establish integrity and the value is pmidence, I 
suspect. Given that wei don't know much about the 
biosphere, where can we look for wisdom? What 
the integrity standard does is to s^y that we.meas- 
ure what we do against a ,backgtound. In other; 
words, we're trying to establish a reference point 
for the measure of what man is doing* to the 
environment because by and large we don't know 
this. Every time you pick up another issue of 
Science, there is something^buried back in the notes 
that talks about freon and' what have you. There 
are so many things that we're doing to the environ- 
meht for which we just have no reference point. So, 
the integrity statefnent establishes that reference 
point. . ' 

The value of prudence is that it's easier to rem- 
edy smaller defect$ than big defects so that if you 
screw up the Hoosic River, it's easier to fix that 
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than screwing up the Hoosic and the Hudson; or 
worse, the Hoosic, the Hudson, and the Atlantic . 
Ocean* * 

With our capability to manipulate natural sys- 
tems, where is our effect the greatest? It's on 

« t 


smaller systems. We should keep things patterned 
after natiifal systems; the more closed the material 
energy cycles within those systems, the better^so I ^ 
think that's another value judgment. It recognizes 
our limitations. ' 
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Earth is unique, among the planets of our solar 
system in having an abundance of water in the 
Kquid state. This is unquestionablAa consequence 
of the evolution of the planet and oAour favorable 
locatioixin relationship to the\^ui|»^WhiIe other 
planets may have large masses oOsAnd, undoubt- 
edly, waters of hydration associatedwith the lithe- 
sphere, none^has a true hydrospnere which is 
.characteristic of the' earth. The presence of this 
liquid water has eHormous implicationafor the evo- 
lution of life as^we know iVon earth, including the 
human species. Thus,.thefe is more than one reason 
\o hold this conferenW on th# integrity of water. 
For withoufewate^^there. would be none of us here 
to discuss it and, next to the air we breathe, water 
isjhe most critical substance to maintain life, 
fiven on earth the majority of water is sequee- 
,^red in the primary litndsphere and in sedimen- 
, tary ropks, primarily as water of hydration. The 
Vatet tied up in this way is nearly 20 times as great 
as the free water that we are discussing here today 
(Hutchinson^ 1957). Water is being added con- 
stantly tb this reservoir by volcanic eruptions and 
by hot springs, but it is still uncertain how much of 
this is truly jii^enile and how much is derived from 
the hydrospWe already present. 

In looking at the title of my talk, some of my 
friends suggested that I have the whole subject to 
cover. I don't pretend to cover the whole subject. 

The present distribution of water in the hydro- 
- sphere is shown in Table 1. As^an oceanographer, I 
will speak j)rimarily about the* 98.8 percent of this 
water which is found In the oceans and I am pleased 
that others will speak about the surface water and 
ground water resources, the principal sources of 
drinkable water. The smallest fraction in Table 1 is 
the water vapor of the atmosphere which may, 
nevertheless, b^ thp most important. Because of 
the great mobility of the atmosphere, the precipita- 
tion part of the hydrological cycle is greatly de- 
pendent on this small fraction of the fr^ water on^ 
earth. The evaporation from the ocean surface 
exceeds the precipitation there, and this provides 
for the exiess precipitation on land surfaces, nour- 
ishing plants and giving the continuous flow of our 
rivers and recharge of our ground waters. In this 
and many other ways, the linkage of the ocean and 



the atmosphere exercises a profound control on the 
climate of earth. 

Table l.—Free water distribution on earth. 

Location . ' . , 10" ftletric tona 

Oceans 13*300 

Polar and other ice 167 

Inland water 0.25 

Ground water 2.5 

Atmospheric water vapor 0.13 

0«U from HuUhuuon. G. E. 2957. )>. 223. 

Over the eons of geological .history, thfaf^iyiiro- , 
logic cycle has been weathering the land and carry- 
ing the elements into the oceans where they have 
Accumulated. Seawater contains, ^n the average, 
about 3.5 percent solids and virtually^all of the nat- 
ural elements are present, though some in tracg^ ^ 
amoiuits. Of the latter, some have been measureo*^ 
only very recently as a result^of the refinement of 
our chemical methods of analysis. As a broad gen- 
eralization the major .elements in seawater are 
present in constant relationship to one another so . 
that seawater can be considered as a solution in ^ 
which the main variable is the total quantity of 
water. Evaporation can increase the salinity, or 
total salt content of the water, and precipitation can 
decrease it, but the elements present remain in 
substantially the same proportion one to another. 
Minor^ perturbations occur near the mouths of 
rivers where the chemicals ofthe river water can 
modify this generally constant relationship ,among 
the major elements. In the deep waters of the sea, 
however, which constitute almost three-quarters of 
the oceanic aquatic reservoir, the composition of 
seawater is the result ormany millions of years of 
equilibration with the land, and moTL^ activities 
have yet to produce a measurable eff ecUhere. 

Some of the minor elements in seawater are 
essential for life. These include carbon dioxide, 
oxygen, nitrogen, phosphorus, and for diatoms, sili- 
con. The growth of microscopic floating plants, the 
phytoplanktOn, is limited by light intensity to the^ 
surface^ayers of any aquatic ecosystem. These life ^ 
processes vary the concentration of ;these elements 
and compounds, sometijnes exhausting the supgly 
so that further productivity is inhibited. The ne£- 
surface photc^ynthetic production, of organic mat- 
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ter supports all life in the open sea, butit is in these 
same waters wherjB man's activities are having a 
measurable impact.-^This is a cause for concern be- 
cause we do not know how much man can modify 
ocean waters without influencing the marine" life 
which it supports, and indirectly the survival of man 
himself on the planet. 

Man's impact on the integrity of water^^is caused 
primarily by pollution. The quantity of waste mate- 
rials reaching the witer environment has increased 
greatly tvith the increase in size and local density of 
the hiiman population. As Dr. Squires i)ointed out 
this morning, the population problem cannot be di- 
vorced from the problem of availability ^f quality 
water. Even rilore important is the explosive in- 
crease in technology, which not only increases the 

' amount of^pollution, but also is adding unique mate- 
rials which are not ^readily recycled by natural 
processes. ^ . * 

On a global scale, the pollutfmts of major concern 
are those wbich are produced and reach the 
environment in larg^ quantities, ,which persist for 
Ibng periods oi tune in the environment, ai!d which^ 
are toxic to organisms, in6]ud|ng man, that depend 
uplpn t]ie environmeiit for th6ir exis^enc^. There 
are ipiany other parameters , wliich* c6uld be men- 
tioned such as the accirniulatfon of various pollu- 
tants within the body tissues, and the transfer of 
these elements along various, parts of the food web 
or food chain. The p(dlutants of greatest concern, 
thus, include various heavy 'metals, maiftnaderladi-^ 
oiso^pes, petroleum hydrocarbons, and persis£eht* 
synthetic organic chemicals such as the chlorinated 
hydrocarbons and* detergents. All of these have 
been produced or redistributed by man in unique 
vays ai^d 'all of them can* now be detected in the 
waters of the open sea lai'. from shore. For these 
persistent pollutants, the'6cean i§ the ultimate sink 

..in which they accumulate in *the w^i;, in 
organisms, or in tl^iSottom sedunen^s: They reach • 
the sea by a variety of transport mechanisms. S^me 
are leached or eroded from the land and X^arried to 
serf by rivers as solutes or sediments; some are der 
liberately introduced into rivers or dir^jtly into the 
ocean as domestic and industrial wastes; -some are' 
dumped at sea from shipboard or are a direct cohse-, 
quence of ship operations; some are transjk^^ted by 
the atmosphere for great distances ^6m the source 
before being washe<^ out by rain on both land and 
seal ' ' ^ » • J 

^Other pollutants may .be of great local impor- 
tance, but are not of great importance in terms of 
the contamination of the larg^ reservoir of water 
represented by thejDceans. FoLexample, dofnestic 
sewage and . some* ajgriculturaiP^r food jirocessiiig 
wastes may be very ;niportant locally, not only be- 
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cause they over-fertilSe the water and -lead to 
obnoxious growth but also because of possible' bac- 
terial and viral contamination. The natural organic 
compounds in such wastes are soon decomposed in 
seawater or diluted to insignificant concentrations. 
In terms of the volumes of seawater, they do not 
pose critical prokems. ^ 
* In. this sessi(^ ^e receiving capacity or th^ 
assimilative capi^city of natural aquatic environ- 
ments was often mentioned. It has been explained 
that this concept is no longer acceptable under the 
Federal Water Pollution Control Act Amendments 
» 9f 1972 or, as D^nJ^quires said, either there is no 
assimilative cap^j^y of an environment, o.r if there 
is, we do n<^t know^vhat it is. ^ 
1 would l^^ to point out one aspect of importance 
* that was not mentioned this morning and I would 
^ like to t)ike the opportunity to mention now. This 
' is the time hproed for the recovery OT*an abused 
system Sj^fmnsult is removed. The biodegradation 
of tlm/^^llutant is an iijSport^nt contributing 
prpc^ to recovery, but the products of the degra- 
dation may reniain^ The physical turnover time, or 
flushing of the.system is the ultimate mechanism 
for removal. jF^^poUutant^ dissolved in the water 
this can v^ from days to centuries, and the ability 
of the ecosystem to reestablish itself .will be sub- 
jected>to related time constraints. 
^ . To , give a. few exaniples— rivers and most 
estiiafies hawe^ flushing time of days to montlls. 
Lake Erie, which was* mentioned this morning, has 
air average flushing time on the order of 60. years, , 
Lake Superior abou^250 yeard; the deep' waters of 
rtthe joceans, cfentmjies^tq^ millennia to fecirculate. 
The point that I wa{i^ to' make in this connection is 
that it is especially dangerous to pollute these large 
wkter masses which will take so long to recover. 

HEAVY METAt| 

About a dozen elements are being used or cycled 
by man at r£^tes which are in Excess of the normal 
geological rates of'icycling. A list of these is pre- 
sents in Tabl^2. The effects of these in the aquatic 
environment range t^orti the lertilizing activity of 
compounds of nitrog^ and phosphorus to biolog- 
ically relatively inert elements such as iron, to 
highly toxic elements suclj as^nercury . K should be 
pointed out in connection \viih this table that the 
man-induced rates of mobilizatiion of these elements 
reprejsent his use of*the elements aifd not the rate-. 
* at which they arfe being added tojthe environment. 
Presumably, a steady stat^ would ultimately bie 
acl^ifev€id ^t which time man would only have to 
mobilize tihe elements to replace those which be- 
come environmental contaniinants. . ^ 
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-When considering man's contamination of the 
world oceans the evaluation is more realistically 
based upon the toxicity of the elements to marine 
organisms. Table 3 presents a list of toxic heavy 
metals, listed in order of decreasing toxicity in com- 
parispn with the rate at which these are being 
added to the environment by copibustion of fossil 
fuels. Since^the biirnin^pOf fossfl fuel injects these 
contaminants injto the atmosphere, they reach a 
global distribution rapidly, an effect which is not 
found if they are cycled more slowly through the 
land and the freshwater drainage. However, this is 
only one source of contamination, and these rates of 
introduction are much less th^.those shown in the' 
previous table for the same elewnts. - 

jjiblc 2.— Man-Induced rates of mobilization of materials which 
exceed geological rates as estimated in annual river discharges 
to the oc^ns. 



Element 



Irpn...,. ... 
Nitrogen. .. 
Manganese'. 

Copper 

Zinc 

Nickel 



Lead 

Phosphonis . . 
Molybdenum . 

Silver 

Mercury 

Tin 



Antimony. 



G«otbgicil 
rates* " 
(in nvers) 


Man-induced 
rales* - 

<mimng)_ 


Thousand metric tons per year 


25,000 


319.000 - 


8.500 " 


9.800^ 


440 


1,600 


P75 ' 


4^60 


3i70 


3.930 


300 


^358 


180 ^ 


2.330 


180 


6.500* 


13 


57 


5 


7 


3 


•7 


1.5 


166 


1.3 


40 



Sources SCEP (1970), . 
' Bowen. 1966, 

* United Nations. SUtistkal Yearbook. 1967 daU. 

* Consumption. 



Table 3.— Man-Induced mobilization by burning of fossil fuels, 
toxicity to marine organisms^ *nd critical Index for various heavy 
\ metals. 



The ratio of the. rate of supply irom this soiirce 
d|vide(l by the toxicity gives a number which I have 
called the relative critical index. This index adtually 
represents the volume of seawater which would be 
raised to toxic levels at the given rate of mobiliza- 
tion by thlB burning of fossil fuels. For those who 
like simpler units than 10*^ liters, I might point out 
that this unit equals a cubic kilometer, so this is not 
a trivial matter when you are talking about thou- 
sands of cubic kilometers of seawater. The' rank 
order of these elements places mercury, cadmium, 
nickel, and lead as the four most critical elements, 
and they are commonly cited as such. In the London 
Dumping Convention the first two are prohibited,, 
and the others are listed as requiring special care as 
are arsenic, copper, zinc^ beryllium, chromium, and 
vanadium. 

Another way to evaluate the importance of heavy, 
metals as pollutiints _in the marine environment is to 
compare their natural- jconcentration in seawater. 
with their to;dcity. DatS arranged in this way are 
presented, in Table 4. l4ickel and mercury'are pres- 
ent in seawater at concentrations greater than 
those which hav^ been, judged to be safe on the 
basis of toxicity. The toxicity values in both of these 
tables are taken from *the "Water Quality Criteria 
of 1972".prep5ured-for^EPA by the National Acad- 
emy of Sciences. As you lyiow, swordfish haveijeen 
found to contain mercury in excess of FDA stand- 
ards. Recent studies by Barber, et al. (1972) show 
. merciiry to be equally high in fish preserved for 
-almost a century,*so that this contamination should 
not be attributed to pollution by man. However, it 
is an example of places where our basic scientific 
information is inadequate to reach reasonable and 
sensible regulations concerning some of these pollu- 
tion problems. AccSi'ding to Table 4, the rank order 
rates the four most critical elements as being 
nickel, mercury, cadmium, and zinc. 



Table 4.— Toxic heavy metals of importance in marine "pollution 
based oo their seawater concentration anrftoxidty. ' 



Element 



Nickel. 



Lead 

Copper 

Chromium 



iSmc. 



Mobilization* 


Toxjcityt 


Index 
I0"l/yr 


Rank 
ordeV 


1.6 


0.1 


16.000 


1 


0.35** 


0.2 


1.750 


2 


• 0.07 


1 


70 


10a 


3.7 


2 


1.350 


3 


0.45 


5 




9 


3.6 


10 


360 


4 


2.1 


^ 10 


210 


.7 


1.5 


10 


150 


8 


0.7 , 


10 


70 


10b 


7 


20 


330 


6 


7 


20 


350' 


5 



*B«rtls« Aod Goldberg. 1971 (except ioi cadmium). 

♦•CEQ.1972. 

tNAS, 1976. 



Element 



Concentration* Toxidtyt 



Ratios 



Rank 

order 



Mercury 0.2 0.1 2 2 

Cadmium 0.1 0.2 0.5 ^ 3a 

SUver 0.3 1 0.3 4a 

Nickel 7 2 3.5 1 

Selenium '0.45 5 -0.09 7 

Lead 0.03 10 0.003 9 

Copper 3 10 0.3 4b 

Chromium . . ... . . . * 0.6 . 10 ^ 0.06 8 

Arsenic '2.6 10 0.26 5 

Zinc 10 20 0.5 . 3b 

Manganese 2 20 0.1 6_ 

•Goldberg, et al. 1971 . or Rfl«y & Chester, 1971 , higher value. ' 

tAsinTableS. 
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Both of these' methods of assessing the critical 
importance of various heavy metals suffer from 
inaccuracies in the estimates. However, both sho.w 
sufficient consistency to justify concern about these 
metals as pollutants. The toxic level of many of . 
them is so close to the natural concentration in sea- 
water that any unnecessary addition by man should 
be viewed with the, greatest concern. It is obvious 
that high levels of pollution such as occurred in 
Minamata Bay In Japan, pose serious problems. . 
This again is an indication that the size and scale of 
the body of water to which the5<fcnaterials are 
^ added have a tremendous influence on the 
accumulation and the biological effects of these 
metals. ^ 

RADIOISOTOPES 

Oceanographers first recognized man*s potential 
for the contamihation of the open sea as a result of 
the atmospheric testing of nuclear explosives. 
Previously, it had been l)elieved that the oceans 
were so vast ±hat man's activities wquld have no' 
measiirable eftd^^^cept in local areas such as 
estuaries and coastal waters. Atmospheric traps- 
port of the fission products of nuclear tests rapidly 
led to a worldwide distribution and the distribution 
of these products has been studied extensively as a 
global experiment, since the materials were added 
in a relatively short period of time rather than 
being accumulated over geological eras. 

♦As with all elements, the sea' contains natural 
radioactivity, some of which is derived from the 
weathering of the earth's crust and some of which 
originates as a result of the bombard nient of the 
earth's gaseous envelope by cosmic rays. More than 
60 of these natural r^ionuclides have been identi- 
fied (NAS, 1971). 

By December 1968, about 470 nuclear explosions 
had been detonated in many parts of the world by 
the nuclear powers (U.S., U.S.S.R., U.K.; France, 
and China)^. Of these, 113 te^sts were performed on 
Coral Islands in the Pacific and 13 over the opeii 
ocean. Six tests were performed underwater. 
Except for. the 116 tests which wfere performed 
underground and the radioactivity consequently 
contained, it makes little difference where the test 
was performed since the mobile atmosphere carries 
the fission products to all parts of the world. 

The radioisotopes distributed throughout the 
world by nuclear testing include not only the fission 
proqucts of the nuclear explosion, but also the 
radioactivity induced in the materials in the struc- 
tures used or in the earth or water. The fission 
products which have received the greatest atten- . 
tion to date are *"Cs and *^Sr which have half lives 



.of 30 and 28 years, respectively. Tritium CH) and 
the radioisotope of carbon (**C) are present natur- 
ally in the environment and are also produced in 
nuclear explosions (NAS, 1971). 

There is no evidence that the. fission products 
added by nuclear testing have produced concentra- 
tions of these radioisotopes which are^hazardous to 
marine orgaiiisms. Those who saw the experi- 
mental area will know that locally it is a different 
matter. The fact that they are detectable in all svS:- 
face waters of the world oceans is, in part, evidence 
of the sensitivity of the analytical niethods. As 
^ mentioned above, their presence in seawater 
provides a unique identifying "tag" of water masses 
and "this has permitted critical analysis of some of 
the circulation patterns of the waters of the deep 



sea. 



PETROLEUM 

^ Another global pollutant which is (A increasing 
importance and concern is. petroleum. Petroleum is 
a complex natural mixture of a^arge number of 
hydrocarbons. Petroleum has accumulated over 
millions of years, but we are now exploiting'this 
resource at a rate yastly in excess of the fate at 
which it c^ be replenished.' , 

Natural '^seeps of Voii have probably, occurred* 
throughout geological history. As a rissult of oxxr 
rapid use of this material, however, the rate of pol- 
lution of the sea by oil has been^greatly increased. 
In 1971 the world consumption of oil approached 
2.400 million metric tons. Because most of the oil is 
used in parts of the world other than the production 
areas, more than half of this oil has been trans- 
ported by sea in either the crude or refined form 
(NAS, 1975). 

It is inevitable that oil pollution of the oceans will 
increase as a result of this great use and transporta- 
ti<Mi of petroleum. Various estimates have been 
made of the rate of addition of oil to the oceans, and 
the latest of these is shown in Table 5 (NAS, 1975). 
This pollution is .at Ihe r£fte of six million metf ic 
tons per annum (mta), AJthojigh accidental spills. . 
such as the grounding of theTorrey Canyon or the 
Santa Barbara oil well blowout/^are spectacular 
events an^l attract the most public attention, they« 
actually account for only about 5 percent of the 
m'arine pollution by oil. Transportation losses 
account for about 30 p^cent of'th6 total and a sinii- 
lar quantity is provided by Urban and river runoff. » 

Oil slickis and tar baUs have been observe on the 
high seas in considerab^e quantities (Horn, et al. 
1970j Morris, 197^). Beaches throughout the world 
are coated with tar in areas near th6 main transpor- 
tation routes even when no accidental spill has 
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Tables.— Petroleum hydro<»rbons introduced Into the oceans. 



Input 

Source mU Percent 

Natural seeps 0.6 9,8 

Offshore production 0.08 1.3 

Transportation ^ 

Tanker operations 1.33 21.8 

Other ship operations 0.5 8.2 

Accidental spills 0.3 4.9 

Coastal refineries 0.2 3.3 

Municipal and industrial wastes 0.6 9.8 

Urban runoff 0.3 4.9* 

River runoff, ! 1.6 26.2 

Atmospheric input •. ,. 0.6 9.8 

Total ' 6.11 100 



Source: NAS. 1976. , 

occurred nearby. This tar is the end product of the 
weathering of the oil reaching the sea. It is mostly 
an aesthetic degradation of the environment. 

Althougli the direct toxic effect of oil on marine 
organisins is somewhat controversial, the evidence 
is clear that all oils contain toxic substances, though 
in different proportions. The impact is largely de- 
pendent upon the type of oil and the degree of 
exposure of the organisms to the oil before it dis* 
parses, evaporates, or decomposes. There is good 
evidence (Blumer and Sass, 1972) that in relatively 
shallow coastal waters the oil can become incorpo- 
rated in the sediments where it can persist for long 
periods of time. After all, this is the way oil is 
formed in* the first place in marine sediments under 
anerobic or anoxic conditions. The oil sequestered 
in the sediments of shallow waters can be released 
at random internals from the sediments to the 
water as a result of storms, with another sequence 
of biological effects taking place*! \ 

The pollution of the high seas by M has become 
an international problem because of tne increase in 
oQ tanker traffic and ships burning fuel oil. The 
Ijitergovernmental Maritime Consultative 
Organization (IMCO), a specialized agency of the 
United Nations, has held a series of international 
conferences Vfhich hav^ drawn up and subsequently 
modified the^ ^International Convention for the- 
Prevention pf Pollution of the Sea by Oil." The most 
^ recent International Conference on Marine Pollu- 
^tiori was held in l^ndon in October and November 
gL973 (IMCO, 1974). The draft convention provides 
^ regulations for the prevention of pollution by^oil, by 
'.noxious. lic(uid si^bstances in bulk,' by harmful sub- 
Stances in packaged form, and by sewage and gar- 
Jbkge frond ships* When the provisions of the, Con- 
vention came into full force and take effect, the 
pollution ofihel sea by oil resulting from transporta- 
tion loss^ be g^reatly reduced. As Tablq 5 
shows, hpWievW},this will still leave considerable oil 



pollution so long as oxxr technology depends so 
heavily upon this energy soija*ce. 

SYNTHETIC ORGANIC COMPOUNDS ^ 

A wide variety of synthetic organic chemicals is 
also reaching the environment. The production of 
synthetic organic chemicals in the United States in 
1969 was 135,000 million pounds, a 12 percent in- 
crease over 1968. This quantity is not an insignifi- 
cant fraction of the natural productivity of the sea 
(NAS, 1972). Although marly synthetic organic 
chemicals are readfly degradable to elementary 
materials which re-enter the chemical cycles in the 
biosphere, the more stable compounds that enter 
the environment, whether as waste materials or 
through their use, are of concern. Particularly 
critical are those compounds which are not found 
naturally, 9ince organisms capable of decomposing 
them have not evolved and they may persist for 
long times and accumulate in the biosphere. 

The chlorin&ted hydrckarbons such as DDT and 
its decomposition products ^d polychlorinated bi- 
phenyls (PCBs) are'of particular concerii since tliey 
are not readily biodegradable and the ocean, is the 
Utimate sink for these compounds. Harvey, et al. 
(1972) found substantial concentrations of DDT and 
its breakdown product DDE and even higher levels 
of PCBs in a variety of organisms collected.from the 
open sea many miles from land. Their results con- 
firm the probability of atmospheric transport since 
the distributions show no clear-cut gradients which 
would be expected with river transport. Being oil 
soluble, thesje compounds are concentrated in the 
lipid pool of the" organism with a maximum concen- 
tration of 3,300 micrograms/kg for DDT and DDE 
and 21,000 micrograms/kg lipid for PCBs. 

"Woodwell'and His associates, who will be speak- 
ing to us tomorrow but perhaps not on this subject, 
modeled the circulation of DDT in the biosphere, 
and concluded that the largest reservqir is in the 
atmosphere, but also that the amount not decom- 
posed by ultraviolet r^ys in the troposphere will 
ultimately be added to the surface of the sea (Wood- 
weD, et al. 1971). The concentrations observed by 
Harvey, et al. (1972) were not as great as those 
assumed by Woodwell, et al. (1971) for oceanic fish 
or plankton. The lower accumulations in marine 
orjjanisms could be' caused by a shorter atmos- 
pheric half life of the DDT than assumed by Wood- 
Well and his associates, by ^ faster degradation in 
the marine environment, or by greater accumula- 
tion in sediments than those estimates lised in the 
model. Again, we emphasize the lack of hard, useful 
scientific information to- evaluate this problem. 
Clearly, additional research is needed to evaluate 



30. 



The Integrity of Water 



1 i 



the persistence of these compounds in'^theienviron- 
ment. " | ^ 

A variety of othei^syntllietic organic oiemicals, 
including other pesticmi^, detergents^ and pharma- 
ceuticals are also undoubte4ly reaching the marine 
environment but with impacts that are virtually 
unknown. It has been estimated that about 60 per- 
cent of the phosphorus content of sewage effluents 
in some developed countries is caused by the exten* 
sive use of high phosphoijtis-containing detergents, 
like other substances contained In sewage, the 
jmpact is largely local where substantial modifica- 
tions to the biota can be caused by the processes 
known as eutrophication . 



CONCLUSIONS 

s ^^found it difficult to write this paper without 
proceeding to the biological concerns since I am an 

.ecologist. Since I was told to talk primarUy on the 
cliemistry of this probleni I have restrained mjrself , 
to'siJnie extent. ^I would like to point out that, as 
was mentioned this morning, very critical problems 
are caused by mixed poUutants and when you look 
at the environmcQt as i receiver of a set of poUu- 
tants you have ^a^hink of the total picture. The ^ 
synergism or the antagonism among different poUu- 
tants Vbf critical concern. I think that this subject 
is under discussion and consideration at this sym- 
posium. 

Man's technology has not yet destroyed the abU- 
ity of the oceans to support marin^ life which, 
provides A valuable food resotu-ce for manynations . 
throughout the wo^ld. However, the earlier 
optimism of the oceanographer that the seas are so 
vast that the impact of poUution in the open sea 
would be luidetectable has been proven falsfe. In 
inshore *and coastal waters, the value of the sea for ^ 
many of man's desired activities has been decreased 
by marine poUution . 

The optimistic part of the pictiu'e is that we are 
now recognizing the importance of poUution in gen- 
eral, and active steps are being taken to control pol- 
lution and ameliorate the impact. Hopefully, it is ; 
not too late and we can maintain the quality of our 
aquatic, environment and restore those; environ-^ 
ments which we have seriously, damaged. Appro- 
priate actions taken by the Environmental Protec- 
tion' Agency in the United States, by^ similar 
organizations in other countries, and by inter- 
national agreement can help to maintain or restore 
the injtegrity of water, both fresh affff marine, 
throughout the world. This is an enormous respon- 
sibility on the part of our friends in the Enyiron- 
merilffProtection Agency. I hope that a conference 
such as this is of some help to them. In any case, 
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they have my hearty support in what they are 
tr^^ing to do. 
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DISCUSSION 

Comment: Since many of the synthetic organic 
chemicals are toxic in natupe and so many of them 
are al^ accumulating in the environment, what do 
you feel about the role of predictive toxicology and 
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the control of the manufacture and dispersal of disposal fsuggesting tl^at we simply go farthe^,out 

these things? C \ into the ocean.^ As an oceanographer, are^our 

br. Ktchim^? What can ene ^-except that Tm physicaj inodeling techniques sufficiently reliabfe so 

all for it. There certainly should be screening tests that, we can make any kind of predictive-activ^fts 

for any suostance tlJat is being produced in large, relating to such discharges? ^ 

amounts, as^y profitable iubstance^sdll be.^The ^)r. Ketchum: I don't want to say we know nAh- 

screeping shpuld behnade ^aS^ly in the development ing about it i>ecause we know something about^it. 

of the product in order to evaluate, what impact Its There have been recent studies on the rate of ffio- 

production, the whole manufacturing process,) the logical degradation of dumped sewage sludge whfch 

whole waste material produced will have ^pon the indicate that it is faster than had been anticipated. 



envifonment. , ^ ^ 

This is done only for (Jrugs in this* country at the 
present time. It shpuld be done, in my opinion, for 
all organic subst^gs and pharmaceuticals. Some 
screening mechaiflsm ^should be required, which is 



It is clear.that the amount of material that has b«n' 
dumped over the last 40 or 50 yeare would produce 
a tremendous mound in the area if jt weretft bei^g 
decomposed and llissipated. Mounds have be^n 
found and mapped for the dredge spoil and buildiik 



screemng mecnamsm^snoiua oe requireu, which is xv^h^* ^^^^^^^ w..^ -i- — ^> jr 

not going to be easy I admit, but at least it should ' rubble that have been dumped m the New Yoi|^ 
1 L .t XT. 1 A ^1^; * o«,r RiaVif Qn it i'r not. a lark of nrior historical records Cff 



be a part ofithe normal deyelopment process of any 
material. 

Comment: Fd like to-ask. Doctor, about the dis- 
appearance off Peru of the fish menhaden, a few 
years a^^o. Was pollution a factor in this? 

Dr/il^etchum: The anchoveta was the fish. So far 
as I know, pollution was not a cause of its disap- 
pearance. This is a'phenomenon that goes back his- 
torically for many years. Periodically, there's a 
shift In the ocean currents and this displaces the 
population. The Peruvian coast is an area of natural 
up welling which leads to very heavy productivity, 
very heavy growths, and this supports an enor- 
mous population of anchoveta^ 

This fishery reached a level of two bDlion pounds 
just prior to this change and it dropped to less than 
a tenth of that the next year, but the fishery had 
become so efficient that they continued to fish this 
population in a^ay that had never happened be- 
fore. Previously, when the fish disappeared as a 
result of the change in ocean currents, the fisher- 
men just gave up and went home and took a rest. 
This time they didn't. They used echo sounders and 
everything else. They continued to fish actively and 
further depleted the population. I haven't seen the 
last year's figures, and whether the fishery will 
come back or not is a guess, I couldn't predict. The 
basic, primary productivity that supported this 
enormous fishery will undoubtedly come back be- 
cause phytoplankton are ubiquitous and they're 
everywhere in the water, but the anchoveta was a 
localized fishery. Whether there's enou^ left to 
reproduce the population, I think only time will tell. 

But that's one thing that we dbn't want to blame 
on pollution. That's nature. Nature has had catas- 
trophes throughout geological time and will con- 
tinue to have catastrophes. There's just no reason 
in my mind why man has to be another catastrophe. 

Chairman BaBingert Dr. Ketchum, I hav^e a ques- 
tion. There was a comment r^ating to the ocean 



Bight, so it is not a lack of prior historical records 
the.lack ol present ability to map accumulations. In 
the sewage sludge dumping area, there is a record 
of accumulation a meter in depth from one core, bu| 
an adjacent sediment core taken as soon thereafte^,, 
as possible found virtually nothuigs t 
As lar as the currents arie ci^cerned, I think wei 
understand the curreht regihie in that area ade-)^ 
quately, but currents alone-'don't tell you where| 
some material denser than, seawater is going to go^^ 
and is going to end up. " )^ 

Moving the dump site to a new area v^ not solve v 
the probleni. I J;hink, as was mentioned this morn- ? 
ing, that the logical thing to do with any of these 
waste materials is to develop the technology to re- 
cycle them. The sewage sludge has a lot of useful : 
fertilizing chemicals and organic material which 
could be used as soil conditioners and as fertilizers 
and thus made of value.. Unfortunately, the early 
history of our sanitary engineering profession 
trailed for the cheapest possible system, perhaps. 
Combining urban or storm runoff with sewage ag- 
gravates the problem. Allowing industries to put 
their untreated waste directly into the sewage col- 
lecting system makes things worse. Consequently, 
^this sludge being dumped has high levels of hydro- 
carbons, of pesticides, of several toxic' heavy 
metdls. I suspect if you took the sludge, dried it, 
and put it on your garden you would successfully 
kill almost any plant that grows there. 

It's obvious that sludge disposal is killing 
organisms in the marine environment. But a lot of 
the suggestions for alternative methods of disposal 
will move this impact on the environment from one 
place to another, and will not necessarily be a 
solution. 

I think a solution can be found for sewage sludge 
disposal and I'm heartOy in favor of find^g a solu-^^ 
tion for it. As near as I can^.tell, if you'rd.,goirig toj> 
d^troy some 20 square miles of the eartii'a??urface/ 
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it maybe just as well to put the sludge in the ocean 
as it would be^to put it in a great big pile in the cen-, 
ter of Manhattan Island and se^ what you could de- 
stroy there. 
It's a tough problem. 

Comment: In the water quality standard setting 
process, is the philosophy of no discharge based 
upon predicted toxicology scientifically and legally 
defensible? 

Dr. Ketthum: I have only one way to insure "no 
discharge" of the wastes of the human population 
and bf human, technology and that is to destroy 
Homo sapiens} Ym not at all sure- that zero dis- 
charge is achievable so long' as we have human 
beings on earth. Throughout geological time, man 
probably created no larger perturbation on the 



environment than any other large voracious carni- 
vore. This is no longer true. We could go back to 
the hunting stage of carnivores, when we would « 
require something like 10 square miles per in- 
dividual for maintenance, food* and subsistence. 
This would limit the world population to something 
like four million people instead of four billion 
people, which it is today. 

So long as we have four billion people on earth, so 
long as we heat houses and like to be warm and 
comfortable, so long as we have to eat, man*s exist- 
ence on earth is going to have an environmental 
impact. 

I think it is possible to achieve a considerable 
improvement without going all the way and revert 
manto a hunter in the open field. ^ ^ 



) 



1 



34 



THE QHEMICAL INTEGRITY 
OF SURFACE WATER 



ARNOLD E. GREENBERG 

Chief, Bioenvironmentat Laboratories Section 
Laboratory Services Program 
California State Department of Health 
Sacramento, Califbrnia 



In my view, a presentation on the chemical 
integrity of surface water can deal either with 
criteria (or standards) of surface water quality or 
the means of achieving them. From the earlier dis- 
cussions and the t|tles of those that will follow, it 
seems cle^ that the emphasis here should be on the 
former, the facers of water quality. 

Coming from a health agency that is concerned 
primarily with public water suj)plies, it is appropri- 
ate fpwneJo use criteria of drinking water quality 
as XG§ model, although I intend my repiarks to be 
mofle broadly applicable. 

From a chemical point of view our concerns are 
directed to four major groups of constituents that 
can impair water quality. Not in order of impor- 
tance, because that will vary with local conditions 
including lan^JJSe, wastewater discharge, and ben- 
eficial uses, these groups are: total dissolved min- . 
erals; inorganics, of which the most significant may 
be toxic metals; organics, either clearly defined 
•such as the pesticides, or a broad spectrum of im- 
known substances natilirally occurring in water or 
addM as a result of mail's activities; and, lastly> 
dissolved gases. In a health context these consti- 
tuents can be separated into those that exert an 
adverse health effect, that is, are or may be toxic, 
•'and those having an undesirable effect more 
.^oriented to aesthetics or consumer acceptability. In 
^^^sroader context of ei\viroi<mental protection or 
e^^^^^t , the criteria ^ differ mOre quantita- 
♦tively t^i^l^tatively, aWiough special concern 
' must be given^^^h<^^cheniical constituents, 
especially nitrogen ^^^^^^^E^^*^* stimulate 
the growth of undesirable bl^^^SilA&pr undesirable 
ntunbers of organisms. 

The principal somrces of informatioST^Iijpl^^ 
criteria and standards that may be derivetf^ 
them are the *T)lue book," "Water Quality Criteria^ 
1972/* a Report prepared \ior the Environmental 
A*otection Agency by the Yjational Academies of 
Sdences and Engineering, aid the Drinking Water 
Stimdards issued last in 196^ by the Public Health 



Service and now under revision by EPA. A number 
of speakers in this symposium have been important 
contributors to the blue book; Phope they will not 
object to my use of the fruit of their lal)ors. 

TOTAL DISSOLVED SOLIDS 

Total dissolved solids or filtrable.residue are dis- 
cussed in the blue book but a recommended upper 
limit is not giv^n. At hig;h concentrations a 
physiological effect can be oSSisdned but since the 
effect is a function of specific ions, control can be 
imposed by setting limits for those ions. In an 
agricultUTid application, total dissolve^ solids or, 
more specifically, salinity, can be critical becaiise 
there are numerous crops with low salinity toler- 
ances. The CJolorado River exemplifies a situation in 
which increases in salinity resulting from irrigation 
retm-n flows make for ail unusable end product 
downstream. Control by modification of agricul- 
ttu-al practices or actual desalination of the river 
water is necessary to protect beneficial uses. 

Water pH can be included under .this general 
category of dissolved minerals. Altjiough no stand- 
ards exist or are proposed, it is cleai; that the 
optimum pH is around neutrality, say the range 
from 6.5 to 8!5. 

Biologically, a critical aspect of both total dis- 
solved solids and pH is the stability bt'the level,* 
that is, there may be l^dverse biological impacts of 
marked , and rapid fluctusltions in either. Such 
changes may result from waste discharges and in 
the case of pH, from the massive growth of algae 
that produce an elevated pH,'at least during the 
daylight hours of active photosynthesis^. 



jORGANICS 
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ral^^^ shows the proposed drinking wai 
stand^S^^^^^rganic constituents that represent 
a health hazSS^^^^Qie ^ater date standards less 
related to health and^^io^ to^ aesthetics will be 
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added. This list will undorfbtedly include all or most 
of the other 13 inorganic constituents discussed in, 
the blue book (alkalinity, ammonia, boron, chloride^ 
copper, hardness, iron, manganese, phosphate, 
sodium, sulfate, uranium, and zinc). Thp blue book 
sections on fresh and saltwater life add such metals 
as aluminum, antimony, beryllmm; molybdenum, 
nickel, phosphorus, thallium, and vanadium and the 
halogens bromine and chlorine. Quafititatively, the 
maximum concentrations suitable for "human ex- 
posure are similar to those for other organisms. 
Notable exceptions are ammonia, which may be 
added to water in waste discharges and is toxic to 
fish (reconmiended limit in fresh water is 0.02 
mg/1); mercury, -for which the freshwater limit is 
0.05 Mg/1; and zinc (saltwater limit is 0.1 iig/1). To 
meet the recommended limits for these consti- 
tuents will require essentially total oxidation or 
.removal of ammonia, the principal nitrogen com- 
pound in domestic wastewater, and removal of 
mercury. 



Table I.— Maximum conUminant levels for ino^iynic chemicals.* 

Contimimmt Level mg/1 [ 

Arsenic 0.05 

Barium 1. * 

Cadmium *0.010 

Chromium .' 0.05 

Cyanide.. 0.2 

Fluoride . ^ 1 . 1 to 1 .8 (depending 

on ambient temperature) 

Uad 0.05 

Mercjury 0.002 

Nitrate (as N) 10. 

Selenium » 0.01 

Silver...-: 0.05 ^ 

•Sotirce: Proposed Interim Pmnary Drinlcing Water Standi^. EPA* 

An interesting and important conflict between 
human needs and general environmental protection 
is demonstrated in the case of copper and the halo- 
gens. Copper salts are used frequently to control 
nuisance algae in water supply reservoirs. Air 
though high concentrations of copper are toxic to 
man, the concentrations used for algae control sel- 
dom exceed 1 mg/1 and' do not pose a threat. Fish, 
on the other hand, may be killed by exposures as 
low as 0.05 mg/1. Until suitable substitutes for cop- 
per are developed, a difficult balance must be nego- 
tiated between copper concentrations high enough 
to kill algae which contribute to aesthetic degrada- 
tion of drinking water by producing tastes and 
odors and also increase the cos^ of water treatment, 
and protection of fish in our reservoirs. i 

The case^of th^halogens is more acute. Chlorine, 
our most commonly used disinfectant for protection 
of recreational users of water and production of 



shellfish free fr6i^)uman enteric .organisms,' is 
toxic to fish at such a low concentration as Ufchal- 
lenge our capability of measuring it. While it is not 
yet established that the*mdjor toxicant is chlorine 
itself or the chlorinated products produced ifi^J}® * 
treated waste, fish toxicity results from»<6nven- 
tional wastewater disinfection. InitiallVThe choice' 
may be between human health proteation and en- 
vironmental preser^^ation. As a reprcfsentative of 
a health agency, I can argue' only^^or the fornler. 
From a longer term point pf view, alternatives ta 
the usual disinfection must be considered. This may 
be by introduction of the added cost of dechlorina- 
tion or by the use of disinfectants such as^ozone or 
others yet to be investigated. . 

With the exceptions noted, I would generalize ' 
that sujrface ^ater that is safe and aestheticalJx 
acceptable for hu&ian use will be site for the* 
environment. What I hsfve talked about "up tlrnow 
has been relevant to biological toxicants. 'Q| little 
direct public health concern but of tremendous^ ^ 
environmental significance is the siibject of biologi- - 
cal stimulants. I refe r, ^2 ^^ course, to. ijitrogen, 
phosphorus, and a pooliycfefined, array of nutritive 
substances present in treated >y2tstewaters. These 
may have immediate, impact on the growth of algae " 
and other aquatic plants to such an* extent that 
there i^ interference .witii wildlife and .recreation • 
and may lead. to general environmentsQ ^egrada-' 
tion» Solution of the problem seems obvfods; if 
nitrogen af^d/or phosphorus are key elements thajt 
may deline biological activity^ in a surface water, 
their removal from wastes discharge to that water 
will prevent nuisance eutrophicatjon^ Unfortu- 
Mtejy, these elements ar^ important inotganic con- 
stituents of wastewat^,- especially" domestic 
wastes;* the levels at which biological responses 
occto" are.< very lo^; and assured removal is not 
always possible but always expensive. Addition- 
ally, it mustl)e remembered that wastewater does 
not represent ^he sole source of these elements. 

Broad environmental management, s including, 
land use ^planning and air poUptiop control, are 
critically 'required. Lake 'Kihoe provides a useful 
example. It is an' alpine lake that has been de^ 
scribed as nitrogen-sensitive on the basis of exten- 
sive biosassay experiments. Increased population 
pressures on the lake basin and the desire to 
preservg the natural beauty of .the lake have led to, 
the decision that wastes generated in the basin 
should not be added to the take but removed from 
the basin. This Ts 'being done with wastewaters, but 
al§p imjK)rtant are solid Wastes, home use of ferti- 
lizers, air pollutants that ar^e carried down by 
precipitation, and general land deyejopment. Only 
a totally integrated eff&rt can preserve indefinitely 
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those attributes of Lake Tahoe which make it de- 
servedly famous. • 

ORGANICS , 

' Table 2 shows the proposed limits for organics in 
drinking water. In an^nvironmental sense the list 
is incomplete since it does riot include conimon con- 
taminants of other than potable waters such as oil 
anjd grease, phthalate esters^ and polychlorinated 
biphenyis d^CBs). These may be' added to water 
through 'waste discha;'ges or other human ac- 
tivities. In the sense of defining criteria, the case 

, against oils is simplest and althouglrmimerical rep- 
resentation of the criterion is difficult or impossi- 
ble, the requirement that visibly surface oils, be 
absent usually suffices. To protect freshwater 
organisms, the r blue book recommended levels for_ 
■phthalates and PCBs are 0.3 and 0.0(S Mg/1, respec- 
tively. 

Table 2.— Maxiinixm contaminant levels for organic chemicals.^ 

Contamiiumt -.^ ]^ Level. '■ 

Carbon chloroform extract 700. 

Chlorinated hydrocarbons \ 

Chlordane . r ^. 

Endrin ^.2 

Heptachlor...'. 0.1 

* Heptachlor epoxide . : * 0.1 

Lindane ^ 4. 

Methoxychlor 100. 

Toxaphene 5. 

Chlorophenoxyst * 

2,4^D 100. ^ 

2,4,5'TPSilvex 10. 

ifiource: Propoeed Intenm Prinwry DrinWng Water Standards, EPA 

O " ■• . ' 

A serious deficiency in both criteria and stand- 
ards exists in that-the number of organics poten- 
^tjally present in water is almost unlimited and yet 
we use a crude catchall category, the carbon 
chloroform extract, to define our concern. K, for 
example, a single organic with a toxicity level equal 
to that of heptachlor were present, a concentration 
of 700 or 7,000 times the heptachlor maximum, 
/ would appear to be acceptable. Clearly, chemical 
^ tests for toxic organic compounds are inadequate. 
M|^e pertinent to the protection of human health 
would be rapio^and meaningful bioassay tests com- 
parable to thos^-^u^fetffor the protection of aquatic 
organisms. Serious,efforts to develop such t^st^ are 
needed urgently. 

Of special note is the current clamor f)r the use of 
renovated wastewater for domestic purposes. 
While highly treated wastes may meet existing or 
proposed standards, the'absence of knowledge of 
specific organic compounds present and their 



" human he^th effects, and the observation that car- , 
cinogenic substances have been identified in waste- 
waters or receiving streams, suggests strongly , that 
the standards are inadequate for such circum; 
stances. To protect the public health such reno- 
vated wastes should not be used as a source of do- 
mestic supply until or unless more information is 
obtained. The blue book includes a* list of about 100 
organic compounds of which the toxicity to marine 
organisms has been studied. No comparable data 
for humans exist. , 

DISSOLVED GASES 

No drinking water standard for dissolved oxygen 
Jias been proposed, but the blue book does recom- 
jpiend a level near saturation. Since oxygen is a 
critical requirement for nfcst water forms and 
waste discharges usually exert an oxygen demand 
that results in^xeceiving water oxygen depletion, 
fish and wildlife protection can be provided by 
meeting the criterion'. Fish protection also requires 
that water not be supersaturated and specifies that 
the total gas pressure should not exceed 110 per- 
cent of atmospheric" pressure. The single toxic gas 
of concern is hydrogen sulfide which will affectjish 
at a concentration as low as 0.002 mg/1. Usually the 
presence of an adequate supply of dissolved oxygen 
will guarantee the absence of hydrogen sulfide so 
that both odor nuisance and fish protection will be 
afforded by oxyge^i. 

SUMMARY AND CpNCLUSIONS 

* I have made reference to the principal chemical 
factors affecting water quality. In the context of 
toxic substances, meeting the drinking water 
standards generally will protect aquatic biota. 
Since the standards do not include^ biostimulatqry 
factors these must be added for the protection of 
the environment. Wastewater treatment alone may 
not be able to provide for total protection so that we 
must consider management of the total environ- 
ment, including water Resource management, as a 
necessary condition for restoring and maintaining 
the chemical integrity of our waters. ^ 

In the short term, wastewater treatment and dis- 
posal must be oriented to protect the public health. 
As technology and funds become available the same 
concerns for the whole environment -should be 
-manifested. 



DISCUSSION ^ 

Ml^omment: If you were to choose the -Drinking 
Water Standards as your model, I think j^ou would 
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, find that the water quality criteria, for example, for. 

I the chlorinated hydrocarbon pesticides are much 
lower when you consider fish toxicity; it so happens 
ithat fish are much more sensitive to the chlorinated 
ihydrocarbons, so in this, case I would recommend 
^ that one should ,look at both effects, the health 
effects in humans and the effects in fish and maybe 
% choose a lower number, but I think that it would be 
a mistake, especially ih the case of pesticides, to 
choose the much higher numbers as to^the health 

' aspect in humans. » . * 

Nkr. Grcenberg: I think that what you're saying is 
absolutely correct, namely, that from a quantita- 
tive point of view the Drinking Water Standards 
may not^be appropriate. I myself cited three exam- 
ples: ammonia, mercury, and zinc. Here, as with 
the pesticides, the number, that is, the concentra- 

' tion that is specified for human exposure may be 
too high for fish or other organisms inhabiting a 
water environment. 

I don't think that invalidates the model, the 
Drinking Water Standards. It simply indicates that 
we have to adjust the numbers. I'm in complete' 
ac^fd with that. 

* Comment: I think you kind of slid ovef 9 problem 
which I would gues? that in your capacity you're 
well aware of and that is the laboratory problem. 
Do you see in the next 2 years^5ufficient advance in 
the laboratory state-of-the-art to allow routine 
monitoring of some of these parameters at the low 
levels that you mentioned; for example, I heard you 
say something^about a 0.05 part per mifflon mer- 
. cury standard. To my knowledge that's not a level . 
which you can measure routinely in the laboratory. 

Mr. Greenberg: Uhink the question is a most ap- 
propriate one and V regally very appropriately put ^ 
to the two of us who are standing or sitting now on 
the podium. 

Dwight Ballinger, as you know, is very much 
involved with the development of laboratory meth- 
odology for EPA and I have similai* responsibilities 
both in the State of California and with Standard 
Methods. ' 

Fm in a very awkward situation in responding to 
that, question in the>ense that I start by accepting 
tha|t which the biologist tells me should be the level , 
of 5mcern. If I am told that 0.05 mg/1 is the level of 
concern for the aquatic biota, let's say for mercury 
as you used the example, then Fd first ask, how was 
itmeasurei? . ^ 

How do you know that youVe really talking about 
0.05 mg/1 and not 0.005 or ().t)005 or even 50 mg/1. 

Fm sure that gross 'separation can be made, but 
some of the more Refined measurements may in fact 
be beyond what is conventionally possible. 

That's one area of my concern and relative 



embarrassment. The other deals with the fact that I 
makejjny living from laboratory type activities and 
so I sliould insist on everybody measuring every- 
thing all the time because that's going to l>e good 
for me and people like^me. On the other hand, I rec- 
ognize that this is not a socially desirable way to 
spend our money so that, again, we have to negoti- 
ate a balance between what we might do and what 
it is reasonable for us to do. 

I heard this morning very negative comments 
with respect to cost benefit analyses. It seems to 
me that we have to have an awareness of cost bene- 
fits in terms of how many samples *to take and how 
many analyses to make. ; ^ . ' 

The-feal issue is how much we are technically 
able to detect.^ If we talk about pesticides, Fthink 
that with the development of gas chromatographic 
techniques and with the coupling of gas chromatog- 
raphy and m^ spectroscopy it is really possible to 
identify almost anything, gi^n time and money 
enough. 

On the other hand, for some of the inorganic con- 
stituents, wj^ njay have techniques but they're not 
nearly as widely used. 

Atomic absorption spectrometry is very good. 
With the heated graphite atomizer the sensitivity 
can be improved still further. Other analjrtical 
procedures, such as x-ray or rieutron activation, are 
probably beyond the scope and the financial possi- 
bility of most laboratories engaged in water or 
wastewater analysis. 

I can talk a long time on the question, but Ideally 
carft give you an answer. I think it might be useful 
to ask our moderator to make some comments on 
this. 

Chairman Ballinger: Thank you. I don't have any 
better answer either. However, I thinH there are a 
couple of points that we need to look at. One is the 
question of the setting of standards for the protec- 
tion of the integrity of the environment. The ques- 
tion arises whether the standards should be set on 
the best information we have concerning an accept- 
able level of a given pollutant, based on probably 
toxi^logical data, or should the standardise set on 
what our present technology allows ns to measure. 

I raised this question many, many years ago 
when I was a very green young chemist with Dr. 
Stockinger, whom I think many of you will recog- 
nize as one of the Nation's foremost toxicologists. 
He said we will always set the standard on the best 
information we have as to the effect of a material 
and then we will challenge the anal3rtical chemist to 
meet that standard. I think we are and should be in 
that mode. - 

Secondly, I should point out that our analytical 
technology is advancing very rapidly. We are now 
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measuring things at concentrations that we could 
not measure as^ reccptly 2 or 3 years ago. 
Therefore, I think w^ as analysts should always 
have the challenge before us to meet the standard, 
that is, to match our technology to the problem 
rather than settle for the status quo. 

We need a challenge and I think we are meeting 
those challenges. I'm concerned that we not use^ 
V limitations of analyticfal technology as a reason for 
not setting the most reliable criteria to protect the 
environment. 

' Comment: When you're doing this, aren't you 
setting unenforceable criteria? If you cannot moni- 
tor an industry, these criteria that you have, and 
your people who go out to the industry or the 
stream or whatever, aren t you setting unenforcea- 
ble criteria? 

Chairman Balllnger: They may be unenforceable 
at the moment; I don't think they'll be unenforcea- 
ble very long. 

We're dealing with a dynamic technology and I 
would prefer to say that, temporarily at least, we 
may have to report a Viumb^ which is not as far 
as we 



techniques would keep up with the regulatory 
^activities, without requiring an annual or a more 
frequent change in the regulations is really not 
quite true because you still have to change the reg- 
ulations for the laboratory methodology. You will 
always be jumping in some kind of a leapfrog situa- 
tion. I don't think you can beat that system, 
though. 

Chairman Ballinger: From a pragmatic stand- 
point, we find it a lot easier to change the analytical 
method than to change the standards. 

Mr. Greenberg: I'm sure. 

Comment: On that point, do you feel that the cur- 
rent practices in making legitimate or making gen- 
erally acceptable a given new laboratory procedure 
are adequate? Does the cycle for revision of Stand- 
ard Methods or EPA methods, respond rapidly to 
the advances in the state-of-the-*art so as to allow a 
timely utilization of these new methods as they be- 
come available? 

Chairman Ballinger: Jn^^jJas^f-EPffTIor exam- 
ple, we do have an annual revision of Section 304(g) 
which th^'lest procedures methodology for the 



down as we would like, but I think that's still ppHutant elimination discharge. Thus, there is an 
preferable to .setting a standard and then turning^^^njiual cycle so that not longer than 1 year would 



around this time next yea^ and going out to the 
public and reducing the st^dard by a factor of 10 
because we have increased our technology. 

Comment: Don't you leave yourself open to legal 
action which could knock out your criteria and put 
them back to a limit that could be monitored? 
Couldn't you be taker\ to court when you say that 
you cannot enforce this criteria because we cannot 
measure it? Presumably you'd be forced by the 
court to go to a monitorable criteria. 

Chairman Ballinger: We will monitor and take 
legaf action to the best of our technical ability at 
any time. We will also stipulate that in the enforce- 
ment of all of the standards the analytical capabili- 
ties of the present techrtolc^ will be taken into 
consideration in the preparation of the case. 

Mr. Greenberg: I think this question has raised a 
very interesting one; which came first, the chicken 
or the egg? Dwight's reply was in the context of the 
regulatory agency setting standards which are 
based on good criteria and g9od goals but may not ^ 
be reachable in terms of analytical capability. 

On the other hand, D wight, as a regulatory 
• agency representative, is also responsible for defin- 
ing the analytical methods which may be used. EI^A 
has listed 73 specific substances to be measured and 
has defined specifically, by page number, the 
sources for those analytical techniques. ^ , \ 

Both things now, the standard and the analytical 
technique are in the Federal Register and both 
have regulatory status. To say that the analytical 



pass without our making a revision. 

In the case of EPA, we can begin, at jeast in our 
own laboratories, by the adoption of ife^analytical 
method at any time it is ready. It wffl be then 
officially promulgated within 1 year oithat time. 

I think that's as sure as we ought to.be. It is 
unlikely that We can develop a methbdf, refine it, 
adequately test it, publish it as proposed, and then 
final, in anything less than a year. I don't know that 
we wAnt any greater turnover time thanHhat, but I 
think it is adequate to keep up with the technology 
as far as EPA is concerned. I'm going to let Mr. 
Greenberg talk about Standard Methods. 

Mr. Greenberg: I think that most people who use 
Standard Methods and who see the publication 
dates of the book may tend to be misled by Jhe fact 
that in the last couple of decades the. publication 
cycle has been at roughly 5-year intervals. I mean 
"misled" in-the sense of thinking that unless it is 
within the hard covers of the book, "Standard 
Methods for the Examination of Water and Waste- 
water," it is not an approved method by the three 
societies which sponsor the production of that book. 

The societies, some 10 years ago, adopted a tech- 
nique of having a review of procedures presented to 
the Joint Editorial Board in published form, more 
or less the kind of thing that Mr. Ballinger just re- 
ferred to, having t)iat approved and published in 
the journal or journals of the society and becoming 
a standard method. ^ 
We are hoping that subsequent to the edition 
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which is now in preparatjpn, the 14th Edition, 
which should be out to jyafas the latter part of this 
year, th^t the cycle of the actual hard cover book 
will be every 2 years. We^e aware of the concern 
for keeping up and we're doing whatever weVe able* 
to do to keep up. 

Comment: Can you give me a rough figure of the 
currenl; animal expenditure in monitoring a typical 
water supply in this country? 
^^^Secondly, by what factor does this great expendi- 
"ture need to be increased to satisfy his recommen- 
dations? 

Mr. Greenberg: I really have no dollar (jgures on 
this. I know that in California we have some .47jQl 
laboratories which are approved by the Depart- 
ment of Health for making water analyses. 

I know that if the requirements of EPA are paet^ 
either in terms of waste discharge monitoring or 
drinking water supply monitoring, or l?oth, the 
number pf laboratories or the siz^ of laboratories in 
California is probably inadequate to handle the 
demand » This comes back to that item of concern 
which I expressed earlier about how much money 
should we spend on monitoring. 

I think it's a very difficult thing to do and 
although I have not attempted' it, I am convinced 
that it's necessary for a balance to be defined 
between tTie protection afforded by additional 
monitoring and the costs which the additional 
monitoring require. ^ 

Comment: We've spoken about the Ifeiciencies of 
laboratory technique, but I think there's a problem^ 



Likewise, we have potential inadequacies of sam- 
pling. We^also, and this is really the critical thing, 
have to have some idea of inadequacies in* terms of 
the establishment of the criteria. To get back W-the 
0.05 mg/1 of mercury, how weU fixed^ that num- 
-^ber, because^enforcement or control re^y hinges 
on that number and other numbers like it. 
' If the. criteria and the Standards are based on 
numbers with huge error factors built into them, 
and certainly many of the biological tiests jdo have 
large error factors in them, then the ultimate of re- 
finement of sampling and laboratory techniques is 
really irrelevant. We're just barking up the wrong 
tree if we're focusing back on a criterion which is 
really ipeaningless. 

Comment: I'm a consulting engineer 
practice here in Washington.ln the ana 
ation for enforcement of the proposed 
ards you haveithe conditions of air pol] 
solid wastes. 

In private industry we find that the regulatory 
agency charged by law with enforcement is quite 
severe in the private sector- Yet when they en- 
counter the comparable situation in the t'ederal or 
State sector the answer is iii, j[ine, idealisticfdly 
we'd like to do it, tjuLfioastrmnts of our budget dp 
hot permit this and we permit tolerance, we permit 
waivers, we pernft non-enforcement on Federal ; 
installations, including military installations, 
specifically in the field^of solid wast6, also hostile* 
and hazardous waste, and air pollution where^ome- 
one is locked in for a long-term, closed contract, yet 



private 
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area as far as sampling is concerned. To mention sl emissions admittedly fail to meet State and Federal 
' couple of cases: we are in the process of developing 
criteria for oxygen^d hydrogen sulfide as they 
relate to protecti<(ga)beneficial use, in this case, 
aquatic life. Thfese oxygen and hydrogen sulfide 
requirement^ are to be measured in the watersc^d 
sediments. 

Fm just wondering ii we asked the States to 
adopt these as water quality Standards how are we 
going to measure these constituents of the sedi- 
ment? In situ, maybe, or possibly by going down 
and digging up the appropriate' samples. How do we 
do this? 

Are we doing any work in this respect? 

Chairman Ballinger: I don't know of any work 
that is specifically address^ to the measurement of 
dissolved gases in sediments. 

My initial impression is that these would have td 
be measured in situ, that the transport of that kind 
of sample would certiiinly degrade it. 

Mr. Greenberg: I think th^t question, though, can 
be looked at from a much broader point of view. 

We h^ve conimented already on potential inade- 
quacies in terms of laboratory methodology. 



standards. ^ 

What assurance <io we have these standards com- 
ing forth now are going to be as uniformly enforced 
at thej||ate and Federal levels as they are in 
priva^mdustry? • 

Mr. Greenberg: I <fertainly carugive you no such 
assurance. I know> for example, in California that 
only recently have w6 been able to do anything in 
terms of standard setting or criteria* or enforce- 
ment, if you will, against Federal ^agencies, but not 
including the Department of Defense. I cannot 
speak for even California ie^give you that kind of 
assurance and I don't know- whether Mr. Ballinger 
or anyone else could give you that assurance on a 
National level. 

Chairman Ballinger: Very, very fortunately I am 
•not a part of the Offidlof Enforcement and General 
Counsel. 

Comment: I can make a commit on that. I think 
part of it is on the way to legislation which is com-^ 
ing around to taking care of this. For example, the 
Federal Insecticide, Fungicide and Rodenticide Act 
has come out recently. Applicators of the regulated 
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insecticides and so on have to meet safe criteria be- 
Nfore they can operate on Federal installations. 
Thus, the State is goin^ to have a hand in this and I 
ftv=t^unirthat the legislation is worded just right; all 
^ Federal agencies will have to come into it. 

Mr« Greenberg: I think an9ther example is in the 
context of the Occupational Safety and Health 
Administration. Fm not sure on a Federal level, but 



OSHA requirements are equally applicable to State 
and local governmental iristitutions and private 
ipistitutions. ^ 

The one difference in terms of dealing with the 
private sector:,and the public sector in the OSHA 
context is that the public institutions are not sub* 
ject to fines, as are private institutions. 
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GROUND WATER— T^ACT 
-AND FICTION , 

Ck)ntrary to^Vpular beHef, ground water is 
neither mysterious nor occult; it does not occur in 
under^ound lakes, rivers or veins, ^'d spring 
water is not synonymous with purity. These are but 
a few ohthe common, misconceptions concerning 
ground water. 'Since some misconceptions of , 
ground water are widply held, they are first 
examined before proceeding with a description of 
ground water behavior and attributes. 

Misconception: Ground water occurs in under- 
ground lakes, rivers and veins. 
Farf;jGenerally bodies of ground water bear no 

resemblance to surface water bodies. 
In. the vast majority of -c^eS, ground water 
<^urs in rock formations that have a sufficient 
number of interconnected openings diermeabW 
material) for the water to pass through tliem. Not 
-uncominonly, these aquifers (water-bearing rocks) 
" me comiected for huhdreds or even thousands of 
square miles. Along many ri^r valleys, the flood- 
plain deposits coii5i5t of permeable sand and gravel. 
" In cases such as th%^, the ground water commonly 
flows in theisame direction as the surface stream 
and there may be a concentrated underground flow 
adjacent to the stream that, is different from the 
underground flow in nearby areas. This does not. 
mean that the ground; water flowing in the 
stream-sid€i deposits is in any manner similar to 
water in a surface'^treaml During the last Ice Age, 
when glaciers advanced across the northern part of 
the United States, many of the pre-existing stream 
channels in these areas were fUled and the streams 
were forced to develop other courses. Many of 
these now-buried river valleys contain vast quanti- 
ties of ground water, but the enclosed water must 
-not be likened to an underground river. This 
erroneous concept, however,»iis-based on fact, be- 
cause in areas where limestone. forms the major 
aquifers, the water may sloiyly flow in large 
underground openings such as caves and solution 



channels. In one sense these large openings are 
similar to underground rivers and lakes . . 

MitconceptioarGround water is mysterious and 

occult. ' ^ 
■ Fact: Natural laws control the occurrence and 
. movement of ground wat6r and therefore it is 
• predictable. 
' In past centuries, before the development of 
scientific techniques of ground water hydrology, 
the natural laws controlling water movement were 
unknown. This led to the concept, preserved m case 
law, that the occurrence and movement of .water m 
the ground is mysterious and occult-i.e., that the , 
principles of its behavior cannot be known. In fact, . 
usipg well-established- natural laws, the quantity 
and quality of ground water are predictable both in 
spate and in time. ^ o 

Misconception: Water rushes so rapidly under- . 
' ^ound that its-presence can be detected by lis- 
. * tening for the noise. 

Fact: In most cases ground water flows -only a 
few tens of feet per year. ' . 

Some people believe they can detect the presence 
of large quantities of water underground merely by 
placingjieir ear to the earth and listening for the 
rushing WSter. This is not possible because ground 
water movesVry slowly through the earth. In fact, 
in most cases it moves only a few feefper year. Lo- 
cally, however, it may flow very rapidly in lime- 
stone terrain characterized by large openings such 
as caves. Ground water velocity is of particular 
importance in water pollution problems. Due to its 
slow rate of movement, an area once-TtMitaminated 
may remain unusable for years. It is primarily for 
this reason that disposal of- wastes on and in th^ 
ground must be closely regulated. -* 

- A&scOncfept/oii;. Ground water, when removed 
from the earth, is never returned. 
Fact: Ground water is a renewable resource. 

In most parts of the country ground water, when 
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removed from the ground, Is constantly replaced. 
Thus, ground water is a renewable resource. Water 
is constantly seeping into the ground and is contin- 
uaUy discharging into streams, lakes, and wells. 
Areas where water seeps into the ground are called- 
recharge areas; this includes virtually the entire 
land surface. Some types of soil, however, will 
accept water much more rapidly than others. For 
example, the rate of infiltration (the rate at which 
water iseeps into the ground) through sandy sofl wiU 
be much greater than through a heavy clay sofl. 
Because of this phenomenon relatively high rates of 
rechai:p& (inffltration) occur along river flood plains 
and in sandy or gravelly areas. Areas with high 
rates of recharge must be carefully managed for 
two major reasons. First, they provide water to 
underlying groundwater reservoirs (aquifers) and, 
.secondly, water-soluble waste products stored in 
these areas will also inffltrate and contaminate the 
underground supply. Consequently, areas of high 
recharge must be protected in order to maintain the 
quantity of water in storage and to protect its 
quality. 

Misconception: Ground water migrates thou- 
sands of miles through the earth. 

Fact: Most ground water withdrawn is replaced 
in the near vicinity. 

Much of the water in a groundwater reservoir 
inffltrates within a radius of a few tens of miles of 
Where it is found* Jt has not traveled in the ground 
for thousands or even hundreds of miles as some 
people tend to believe. There are no huge under- 
ground rivers transporting great volumes of high 
purity water from Canada to Minnesota, Virginia to 
Florida, or from the Rocky Mountains to Iowa and 
other Great Plains states. 

Misconception: Ground water is not a significant 

source of supply. 
F^ct: The amount of ground water in storage * 

dwarfs our present surface supply. 

Ground water is commonly considered an insig- 
nificant source of supply. The fact is, however, that 
the quantity of water in underground storage is 
2,000 to 3,000 times larger than the amount in all 
the lakes, streams, and rivers combined. At the " 
same time, it is cold, of a nearly constant tempera- 
ture, free of sediment, and of high quality. 'The 
major feature of ground water is its omnipres- 
ence-it provides a reliable and^economical water 
supply for all kinds of activities for which surface 
water supplies would be uneconomical or even 
infeasible. 



In 1970, the United States was using more than 
370 billion gallons of water per day. Of this amount 
about 20 percent was from ground water, and here 
li^ the greatest potential for future development. 
About a third of all public supplies and about 96 
percent of all rural domestic supplies are derived 
from wells. About- 25 percent of the water used for 
irrigation is ground water. Were it not' for these'' 
huge underground reservoirs, irrigation could not 
long exist in the arid and semiarid regions of the 
United States. Ground water makes possible 
agriculture and ind^try alflce because it occurs at 
the point of use and does not requfre^transportation 
♦ for long distances. 

Misconception: There is no relationship between 

ground water and surface water. 
Fact: Ground water provides most of the flow of 
streams, and lakes and swamps are merely re- 
flections of the water table. 

It is commonly believed that ground water and 
surface water represent isolated systems. Con- 
sider, however, a stream in late summer. Although 
it may not have rained for several days or possibly 
even weeks, there may still be a considerable flow 
in the stream^. Obviously, this water could not have 
been derived from the surface runoff of rainfall. In 
large part the stream represents water that has • 
flowed from the ground. into the stream channel. In 
other words, the low flow of a stream may be de- 
rived j^ntirely from groundwater discharge. 

Durmg low-flow conditions, the chemical quality 
of the stream is similar to that in adjacent aquifers, 
but during periods of surface runpff and precipita- 
tion, the stream quality is considerably different. In 
many places, the quality of surface water deterior- 
ates during the late summer and fall because adja- 
cent groundwater reservoirs aire contaminated and 
these contaminated ground watery provide tliei* 
stream flow. It is evident that one ncfeds to consider 
not only, waste disposal directly into a stream but 
also the disposal of water-soluble material on the 
land surface, particularly in recharge areas. In 
other words, there is a close interrelationship be- 
tween surface water and ground water and one can- ' 
not be managed without consideration of the other. 
if\ ' 

Misconception: The water table is falling'^ 
-throughout the country. 
Fact: Although in a few areas the water table has 
declined significantly, in most places the water 
table rises and falls with the seasons. 
Not uncommonly we read in news media that . 
the water table is falling." During periods of 
drought, when water demands increase substan- 
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tially and withdrawals may exceed the rate of nat- 
jiral recharge, the water table may decline. In most 
*cases» the decline is temporary and the water level 
recovers once the drought is over. A similar prob- 
.rem of declining water levels exists in p^ticular 
\areas, such as a few municipalities and large indus- 
trial complexes, and in extensive irrigation dis- 
tricts. This occurs because the rate of groundwater 
ptoiping over long periods may f ar>.exceed the nat- . 
uril rate of replenishment (recharge) within the 
area of supply. In areas of substantisft water level 
decfine, a few shallow wells may go dry or provide 
onlyWiited quantities of water. Several techniques 
have^een developed to reverse these local water 
level declines, but what is needed is comprehensive 
groundwater management p;-ograms. The water 
table indeed is falling in a few areas of substantial 
overdraft. These areas are generally very small andv 
unmanagfed. In the vast regions of the country the 
water Itv^) merely rises and falls with the seasoi^. 

MisconceMion: The water level in a well remains 

constant . , . • 

Fact: The v^ater level must decline m the vicinity 
of apiun'pingwell. 

\ 

The proud ov^er of a hew well may. be so en- 
^"thusiastic that h^^believes there is no water level 
lowering or drawdown when the pump is on. This 
again is mcorrect because there must be a water 
level decline 4n the\ vicinity of a pumping Well in 
order to force .wate\ to flow to the well. In v^ry 
permeable formation\such as limestone caverns or 
sand and gravel deposits, the.amount of drawdown 
may be very slight. With inWeasing yield, how- 
ever, the drawdown increases' and around high- 
yield wells; water levy lowering may extend 
outward for miles. 

AfisconceptioJi; Spring wkter is synonymous with 
exceptional quality. \ . : 

Faot: Springs are points Where ground water is 
naturaUy discharging, \ut they are easily 
contaminated. 
Various product advertiseinents assert that 
spring water has exceptional taste, purity, and per- 
, haps medicinal properties. TheV may also imply 
that well water is of unacceptable ^ality. A spring, 
however, is merely a point whereWound water is 
discharging at the land surface. It\has nearly the 
same quality as nearby wells and streams. On the 
. other hand, springs are easily contWinated, but^ 
the quality of well water is predictable and has 
nearly uniform temperature and chemical proper- 
"^ties. Well water is biologically pure ^cept when 



contaminated by sewage Waste, the sources of 
which lie m the near vicinity. ' ' ' 

Misconception: All well water is naturally of 
drinkable quality. 
' Fact: The mineralization pf ground water.gener- 
*ally' Increases with depth and eventually a 
point is reached where it is no longer potable. 

Not all "ground water is drinkable. Lying at- 
. depths r^iging from a few tens to several hundred 
.feet is the fr^sh-saltwater interface. Below this 
interface^ the mineral content of the water in- 
creases substantially and at greater depths it may 
be so mineralized that it is considered a brine. 
c Wells whose total depth approaches the fresh- 
saltwater interface eventually suffer from deteri- 
orating quality due to the upward .migration of 
saltwater as fresh water is removed. In coastal * 
areas, overpumping of fresh water may cause nii- 
gration Qf seawater into the aquifer, causing its 
quality to deteriorate. Adequate water manage-^ 
ment programs, however, can substantially reduce 
problem^ caused by migrating highly mineralized 
water. -» 

Misconception: Since ground water cdn't be seen, 

nothing is happening to it.^ * - — 

Fact: We do not know the extent of groundwater 
contamination, but from available uiformation 
we must assume that the threat of widespread 
contamination of ground water is substantial. 
If an individual laid a raw sewage discharge line 
into a lake, it is quite unlikely that he would vnthr 
draw his drinking water from a surface intake only 
25 f^t away. The potential health problem would 
be easily recognized. Since ground water cannot be 
seen, however, the situation is considerably differ- 
ent. A cesspool or septic tank drain could lie withm/ 
25 feet Of a well, but the potenti^problem nught 
not be recognized. 

Karubian * examined the petroleum, pulp and 
paper, and primary metds industries in the United 
States in an attempt to estimate the effect of these 
activities on groundwater pollution. These mdus- 
tries produce a vast quantity of wastewater, much 
of which is stored in unlined basins and lagoons. 
The liquids leak from the containment structures 
and contaminate ground water. It was estimated 
that the total leakage during 1973 from these 
structures was 192,815 acre-feet from pnmary 
metals industries, 76.335 acre-feet from petroleum 
refining, and nearly m,000 acre-feet from the pulp 
and paper industry. Thus, the total .quantity of 
leakage from these three industries alone amounted 
to more than 403,000 acre-feet of contaminatied 
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water (an acre-foot is approximately equal to 
826,000 gallons). The contamination is occurring 
Underground, is hidden from view, and is not easily 
Recognized. Nonetheless, the problem is significant. 

QBOUND WATER: THE 
PHYSICAL FI,OW SYSTEM 

• In order for us ta understand threats to the 
chemical integrity of ground water, we must first 
nave an adequate knowledge of the physical laws 
governing its flow through the porous route which 
makes up the earth's crust. The first basic situation 
we must copsider is: 

Ground- Water Flow ' 
TOWARD A Pumping well 

It is not always a simple matter for an individual 
to understand the process by which a well captures 
water. Even in our present state of scientific 
understanding, the average layman considers a 
Wdl as a hole which taps a large underground cav^ 
ity filled with water. TJi^ most obvious rfeason for 
man's ignorance of the true facts about ground 
water movement is simply that it is difficult to 
understand what one cannot see. The electron 
microscopy has brought a whole new micro-world 
into focus, but the world of ground water, basic as 
it may be, is still often relegated to the world of 
mystery. . . 

A very brief study of groundwater gecBftgy will 
bring to light the facts that most ground water 
moves through the intergranular pore spao^ of 
sedimentary rocks rather than through/broad 
underground channels, and that wells ^capture 
ground water by draining it from the pore spaces of 
saturated rocks. These facts can be best illustrated 
in a groundwater flow model which was con- 
structed in order to bring groundwater flow into 
surroundings where it can be visually observed. 
The rxiodel (Figure la) consists of a water-tight 
plexiglass case containing a porous consolidated 
mixture of sand and epo)^y resin, which simulates a 
true sandstone.* The consolidated medium is 18. 
inches long, 1 inch thick, and 12 inches high. Water 
is recharged into the right end of the model and 
allowed to discharge through an overflow drain in 
the left end of the model. 

The water level in the right end tank is main- 
tained at a higher level than the water in the left 
end tank. This produces a hydraulic gradient which 
causes the water in the model to move from right to 
left through the simulated sandstone aquifer. Ink is 
discharged into the model through a perforated 
metal tube buried in the right end of the sandstone. 



The ink entering the sand progresses through it in a 
thin band marking the path of flow, or flow line, 
from each perforation. 

A V4-inch diameter hole at the center face of the 
model simulates a ^ell from which water can be 
pumped. When operating 'with the well pumping, 
the model' closely illustrates the flow pattern of a 
two dimensional cross section along the regional 
gradient of a radial flow system. The two dimen- 
sional character of the model, however, causes'the 
well to act something like aninfinite drain channel. 
In either case it clearly illustrates the phenomena of 
gravity drainage. 2 ' 

While open channel, surface water flow is char- 
acterized by turbulence which results in useless dis- » 
sipation of potential energy, ground water is 
characterized by laminar flow which conserves all 
its energy for the'single purpose of overcoming fric- 
tional resistance. This resistance is imposed upon 
the flow by the vast surface area present in the 
average sedimentary aquifer, ^en the ground, 
water system is undisturbed, the flow will follow 
along nearly straight 'parallel lines at velocities 
which depend directly on the magnitude of the per- 
meability of the rocks and on the slope of the hj^^^ 
draulic gradiejit. The pumping of a welh alters the 
system by creating an unusually low hydraulic head 
at the location of the well. The magnitude and di- 
rection of the hydraulic gradient and hence the 
velocity' aRd direction of the groundwater flow is 
changed everywhere within the area of influence of 
the well. The flow paths while remaining laminar 
will then become curvilinear as they dppVoach the 
^ell, but a high degree of parallelism will still be 
maintained. . , 

Figure lb shows the model 23 minutes after the 
entrance of the ink; the 'flow bands hav^ moved * 
partly across the model under a small hydraulic 
gradient prior to the start of pumping. The varia- 
tions in the thickness of the flow bands in Figure lb 
are due to adjustments in the ink input made by the 
author in order to finally arrive -at neat, thin 
flow bands. Figure Ic shows the flow bands 2 min- ' 
utes after pumping began in^he small well at the 
center of the mcklel The existing pressure field was * 
modified quickly to conform to the new boundary 
conditions. 

" The coloring matter i)egan mov|fe slowly along 
aninfinite set of' new stream lin^ which inter- 
sected the lines of the old pattern at finite angles. 
They finally stabilized in a pattern coinciding with 
the actual stream line6 determined by these new 
boundary conditions as shown in the photograph 
(Figure Id) and the flow net diagram ^(Figure 2). 
When the pump was removed, the curved flow lines 
moved horizontally as a unit (Figure le) until the 
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ink was flushed out of the model and only th^ hori- 
zontal bands appeared (Figure If). Here an almost 
instantaneous change in the vectors of motion of the 
water particles took place because the reaction time 
IS very fast in small models. In the nonpumping sit- 
uation all the vectors were approximately equal, 
hence the old flow bands appeared to move as a 
unit. ^ ' 

The most Interesting observation made in the 
study of this model (Figure 1) was the complete lack 
of a transition phase of the flow bands as they 
appeared before pumping,'^nd as they appeared 
dt^T pumping had taken place for a few minutes. 
At almost the very instant the well began to pump, 
all the particles of water within the radius of influ- 
ence of the well acquired a new vector of motion. 
There was no realigning of old flow bands because 
the old flow bands ceased to exist when pumping 
began, gach particle of waj^er was on its own to 
take its placein the new net, similar ^tp individuals 
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in a marching iJ^nd when a new formation 
imjK)sed. 

The change in the flow net is dependent upon the 
water level in the pumping well. Any change in 
boundary conditidhs in the system, such as draw- 
downjn a well, will be felt throughout the system 
resulting in adjustments of the pressure distribu- 
tions in accordance with the new boundaries.'* The 
speed with which these adjustments occiu- can be 
determined by the Theis non-equilibrium/equilib- 
rium ecjuation " 



s = 



^ 114.6 Q 
T 



Si 



ie^/u) d 



s = 
Q = 

T = 



drawdown at any point, in feet . 

rate of discharge of the well in gallons per 

minute 

coefficient of transmissibility, in gpd per ft. 




Figure 2.--]^ow diagram of well model shown in Fig. 1. The path which a particle of water follows is called a flow line; these are 
represented by solid Imes with arrows. The head decreases along the path of flow. Lines connecting points,of equal head are called 
equipotential hnes; these are represented by dashed lines. An unlimited number of flow and equipotential lines can be drawn in any 
fl^ system; however, m a flow diagram a finite number of lines suffice to best illuslrate the general pattern of flow, (Scale = Vz actual 
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Z « 1.87 tA 

T t ' ;^ 

r « distance between pumped well and point of 

t)bservation, in feet 
S « coefficient of storage, dimensionless 
t = time the well has been discharging, in days 
u = a dimensionless quantity varying be- 
tween the limits given 

This equation was derived upon the simplifying 
assumption that the removal of water from an 
aquifer is exactly ^alogous to the removal ^f heat 
from a metal plate, for which the eqyations are 
already known. 

Study of the flow pattern surrounding a pumpiim 
well is important to the problem of water qualitfir 
In many locations the^. quality of water will vary 
with depth. Water at different depths, jnay have 
•originated from separate source areas and moved 
through rocks of different chemical composition, 
thereby Being Exposed to th^ solutioning of dis- . 
similar ions. -Often the water at certain depths m a 
specific location is potable while at other depths it is 
not' A careful predetenjiination of the flow near the 
proposed supply well will delineate the vertical 
zone from which water will be captured. This will 
' insure avoiding any contamination by poor quality 

water. * * 

The limits of the well's 'area of influence should 
also be determined for most wells, especially where 
there is a possibility of groundwater contamina- 
tion. In some areas, such as Long Island, N.Y., 
industry is obliged by law to return water used only 
loX cooling purjioses to the groundwater body, Ihe 
used water is Very warm, and care must b^ taken 
not to allbw thiS water to heat up the fresh supply 
of water being used for cooling. If ttiis is allowed to 
happen the water used for cooling purposes wU be 
' vfwmer to begin with and, therefore, will do a less 
efficient cooling job which will result in higher cost 
to the industry. By studying the flow net surround- 
ing the pumping well, it is possible to determine 
how far distant a recharge well must be placed in 
order to prevent the recharge water from returning . 
to the discharging well . 

Analysis of Water Table Drawdown 

SuimOUNDING PUMPING WELLS ■ - - /• 

Having considered the flow pattern to i pumping 
well it is.*now necessary to study the/ effects of 
bumping on the level of saturation or "water table. 
It is important to understand that all the ground 
water within 'a single set of hydrologic^and geologic 



boundaries is part of a single hydrologic system. 
Changes^in any 'part of it wiJl eventually modify con- 
ditions throughout the entire system. 

A hydraulic model analogous to very general sub- 
surface geologic conditions was construcfed for the 
^)urpose of studying and demonstrating the changes 
in the configuration of the water table produced by 
pumping wells. « The model consisted bf a water- 
tight plexiglass case containing a consolidated nie- 
dium, which was a mixture bf sahd arid epoxy resin. 
The model case was madfe of plexiglass Vz-inch 
thick; the inside dimensions were 33 inch^ by 12 
inches by^ inches. 

The medium at.the extreme right of, the model 
was impermeable arid was intended to represent 
the subsurface portion of an igneous mountain 
front. The remaining medium within the model had 
a rating of approximately 2,000 Meinzer units (gal- 
lons per day/foot.^ 1:1 gr^adient). The left end tank 
of the modfel was intended to represent the cross 
sectioi) of a stream channel into which water was 
recharging; the sloping top surface of the porous 
consolidated medium was mtended to represent a 
tributary channel capable of leading runoff from the 
mountain front tp the main stream channel. The 
model contained 30 we^ls that accurately measure 
the position of the water table. All of the wells were 
V4-inch in diameter. The loTyest 6-inch sfegment of 
the four deepest wells was screened; the rest of the 
wells were open only at the bottom. A small bead of 
red wax was placed in each observation well so that 
the water level woifld be clearly visible. 

Figure 3 shows the model before and after well B 
had been pumped for a long\enoiigh period to 
achieve a steady state condition, ^he white line 
marked "static water level" illustrates the position 
of the water table before pumping. The definite 
effects of the boundary conditionsUipon the cone of 
depression are shown by the blkck line on the 
model. The limb of the cone to the Tight of the weU 
was almost flat, due to the effect oftthe impermea- 
bleHtmdary on the right. Since Hhe weU was 
unabilfe) take water from storage beyon^ this 
impermeable barrier, it was forced to take an in- 
creased amount of water from stor^e in front of 
the barrier. This resulted in the lo^^ering of the 
cone of depression in that area. The cone of depres- 
' sion at the left of the well extended to the surface of 
the recharging water. At that point enlargement of 
the cone ceased, for recharge from the end tank 
was, induced and the necessity for drawing 
additional amounts of water from storage within 
the aquifer was eliminateci This is exactly ^yhat 
happens when a well being pumped near a stream 
, extends its cone of depression to the edge of that 
stream.' 
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Figure 3» -Photograph of the cone of depression model after 
pumping m weU B had reached a steady 6tate. The cone of 
depression is drawn in black. 
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Figure 4. -Photograph of t]ie cone of depression model after 
pumpmg m weU A>hBd re^hed a steady state. Th^ne of 
depression is drawn in white. 
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Figure 5. -Photograph of the cone of depression model after 
pumping m wells A and B had reached a steady state. The exist- 
ing multiple cone of depression is drawn in flfcajc^wlxile the indi- 
vidual cones of depression of weUs A and frte shown in Figs. 3 
and 4)^re drawn to white and blacky respectively. 

Figure 4r shows the model after well A had been 
pumped for a long enough period to achieve steady 
state conditions. The surface of the cone of depres- 
sion is drawn in white on the face of the model. 
Once again, the effects of the two boundary condi-- 
tions are evident. In this case, the effect of the 
source of recharge was more^ intense than the effect 
of the impermeable barrier, for well A was closer to 
the recharge tank than to the barrier. 

In a multiple well system where surface recharge 
and evaporation are negligible, the drawdown at 
any point Within the area of influence is the sum of 
the individual drawdowns of each well in the' sys- 
tem.Y The results of investigations with the modey 
verified this statement. When wells A and B were 
simultan^usly pumped long enough to reach the 
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steady state condition (Figure 5), the composite 
cone of depression was the sum of the indivfdual 
cones. Both wells were pumped at the same rates as 
those used to obtain the information depicted in 
Figures 3 anrf4. respectively. The1)lack lin^ on the 
model in Figure -5 represents the individUHTdraw- 
down caused by puftiping well-B (as shoWn in Fig- 
ure 3); the white line represents the individual 
drawdown caused by pumping weU A (as showi in 
Figure- 4). The gray Kne on the model represents 
the drawdown caused by the simultaneous pumping 
of the two weUs. It is readily apparent that -the. 
vertical distance between the gray line, and the 
static water level is equal to the sum of the^ertical 
distances between (a) the. white liiie and the 'Static 
water level and. (b). the black line and the static 
water level. . ' ' \ ' 

This hydraulfc model also can be usejfto study 
artificial recharge by wells. Because this practice is 
bemg widely used today, it is important that the 
effects of such recharge upon the shape of the water 
table be clearly understood. It has been proyed 
theoretically that the cone of impression brought 
about by a rech^ging^eU will be a mirf or images of 
the cone of depression formed by pumping the well 
at the sametate as it is recharged.^ An experiment ' 
was performed with the model to verify this rela- 
tionship; the results of the tests are shawn in Fig- 
ure 6. The upp^r af^tion of Figure 6 is a photograph 
of the model prior to pumping; the white line repre- 
sents the static water level. The center section of 
the figure shows the model after well'B was 
pumped long enough to reach the steady state. 
Pumpmg was then stopped until' the water level 
recovered to the static position; at that time re- 
charging was begun at the same rate that the well^ 
had been discharging. The lo\ver section of Figure 6 
shows the model, after the steady state conditions 
had been reached. It is readily apparent that the 
cone of impression, (Jrawn in gray above the static: 
^ level, is the mirror image of the previously formed 
cone of depression, drawn in gray beneath the 
static water l^vel. ' 

The principles demonstrated witbl the cone of 
depression model have important implications in 
applied hydrology. One concept illustrated by the 
model isihdt it is advantageous to place a pumping 
well as near as possible to a source of recharge. 
Prior to development by ^ells,1host aquifers are in 
a state of dynamic equilibrium, that fs, natural^dis- 
charge is equalled by natural recharge, and the ' 
quantity of water m storage remains essentially 
constant. ' - 

When wells tap an undteveloped aquifer, a, new 
discharge is superimposed upon a previously stable 
system. This-Ynust be balanced by an increase in 
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Figure 6. -Photographs of the cone of depression model A 
under static water level conditions; B after pumping in well B 
. reached a steady state; C after recharging into well B reached a 
steady state. 



natural recharge, a decrease in natural discharge, a 
decrease in storage, or a combination of all thtee. 
The system is temporarUy in a state of non-equilib- 
rium until discharge from it again equals recharge. 
Tlie ultimate cone of depression of a pumping well 
is the mechanism through which the recharge and 
discharge are equalized. When the cone of depres- 
sion reaches a recharge area where recharge 
previously was being rejecte<i, it causes an increase ^ 
in the natural recharge by steepening the gradient. 
When the cone of depression reaches a natural dis- 
charge area, it decreases the gradient and hence 
decreases the quantity of natural discbarge- When 
a well is placed close to an area of rejected re- 
charge, such as a stream or swampt. its cone of 
depression rapidly reaches the Recharge area and 
induces increased natural recharge. Only a very 
shallow cone of depression is required in this case; 
well A in Figure 2 illustrates this tact. Whei\awell 
is placed far fron? the recharge area it wilrtake 
longer for the cone of depression to reach rt and 
ence a deeper cone will result; such a situation i^ 
ishown in Figure 3. 



Although groundwater users may put their wa- 
ter to work in miny different ways, it is surely in 
the best interests of all that the common water sup- 
ply be conserved so that it will yield the optimum 
quantities of water at the most economical rates. A 
thorough understanding of the physical principles 
which govern the performance of a groundwater 
system^ will lead to more efficient planning and use 
of water. Study of th^ various configurations of the 
water table brougit about by^the punlping df water 
table wells wUl ^finitely help groundwater ^sers 
understand their individual positions in the regjpnal 
groundwater system. ' r 

A most important fact Olustrated by the model is 
shown when it is assumed that wells A and B (Fig- 
ure 5) are owned by different farmers. Both of the 
owners must realize thaV when either well is 
pumped the water level at both wells will be 
affected. Thus, Wcause the subsurface aquifer 
along with its areas of surface water recharge and 
discharge is an integrated system, it must be 
jointly controlled and operated by all water users jf 
the optimum benefits of its v^ater supply are to Be 
gained/ « 

, Ground WATERf'FLOw Toward^^ 
An Effluent Stream 

One of the most interesting groundwater flow 
pa^fel^n. nature ^ocoytr^ of an efflu- 

ent stream, a stream whicli is supBlied4>yJthe sur- 
rounding ground water. LegW disputes have arisen 
from misinterpretation of imQnnation about the 
flow patterns near such streamsTWat^levels in 
^ells drilled along an effluent stream canbe higher 
than the water level of the stream, and this fact has 
beeiTsubmitted as evidence that ground water and 
surface vsrater ^re not connected.^? Once established 
as a iact in cd^/a decision can be obt^ned in some 
Statel that Action taken- upon the groundwater 
» body cannot possibly have any effect on the surface 
' water body. Such a stand may be tsik?n by a ground 
. water tfa* to pf;6ve that pumping cannot ^plete 
surface water. A groundwater user could similarly 
argue'that h^ cannot c^tkminategjirface watei: by 
discharging waste iW' his welLResults derived 
fro^ a hydraulic m'c^^l,^ analogous to the geologic 
setting conlmofily' found near an effluent stream, 
show that such argi|raent§ iii many cases may be 
spurious. Only by adequate^dpfinition oi both the 
geology and hydraulic^^'^iear the stream can the 
courts render souncf j^gment on such matters.** 

The model (Figure;^^ consists of a watertight 
plexiglass case containing a porous consolidfated 
mixture of sand^nd^epoxy reSin.* It is 30 inches 
long, 1 inch thick, and 12 Inches high a£ each end 
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and slopes down to a small channel near the center. 
The channel represents the cross section of the ef- 
fluent stream. Ink was discharged into the model 
through a perforated brass tube bija*ied in each end. 
The ink entering the sand progresses through it 
and marks the path of fjpw, or flow line, from each 
perforation. Water was recharged into both ends 
and discharged only from the simulated stream. 
The water table nearly coincided with the rock sur- 
face on either side of the stream. Figure 7 indicates 
the general direction of flow at several times after 
the flow of ink was started. . ^ 
The flow lines turn up near the center and appear 
to defy gravity. Although the water is definitely 
flowing upward topographically, it is flowing down- 
ward hydraulically in accordance with 'physical 
principles. Ground water always mo\|i3 from 
regions of high hydraulic head to regions of low 
hydraulic head. 

, The effluent stream may be compared with a 
horizontal well. In a manmade well, an area of low 
head is produced by pumping and the ground water 
thus flows from the surrounding areas! of high hy- 
draulic head to the region of lower head near the 
well. The effluent stream is also an area of low 
head, but the head distribution about the stream is 
a function of the topograp)iy and rainfall which have 
caused a high water table to form; a region oi high 
hydraulic head surrounding the topographically 
low-stream channel is thus furnished. Conse- 
quently, water moves from the adjacent highland 
into the stream. ^■ 

-.^.©gure 8 shows the flow diagram of tlje effluent 
streamT^iwdel:- Flow follows the direction of maxi- 
mum gradient as a ball takes the steepest path 
when rolling slowly dawn a hill. Since the gradients 
are maximum along paths normal to tRe eqtiipoten- 
tials, the flow lines cross the equipotentiaTlinesat 
right angles and thus form a conjugate system. The 
equipotential lines beneath the stream become hori- 
zontal as they connect points of equal hydraulic 
head on opposite sides of the stream. The ground 
water flow- which crosses these equipgtentials at 
right angles must therefore move vertically upward 
in this region. 

The increased potential with depth beneath the 
effluent stream was verified in the model. Two 
wells^ were ^ drilled in the stream channel and 
screened at different depths. The w^ter levels in 
the wells rose to different heights above the level of 
the stream itself. The deeper of the two wells had 
the higher water level which indicates the high po- 
tential at greater depth. 

Comparison of the rates of movement of the flow 
lines (Figure 7) shows that the flow along the base 
of the aquifer is much slower than at points higher 
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J^GURE 8. -Plow diagram of efflueirfrstream model shown in Fig. 1. The path which a particle of water follows is-ealled a flow line? 

are represented by solid lin^witVarrows. The head decreases along the path of flow. Unes .connecting points of equal head are 
''called equipotential liney^a^ indicated by dashed lines. An unlimited number of flow' and equipotential lines can be drawn m any 
flow system; however .Xn a flow diagram a finite number of lines suffice to illustrate best the general pattern (about V* actual size). 



in the-l4iodel. Thii knowl^ge is very irnpertantiir- 
studying streams near the sea whijhr^e subject to 
onshore winds and saltwater^lides. The saltv^^ter 



may move up the stream^"aunng a storm an^ raise 
the^water level, and thus temporarily reverse the 
groundwater gradient. During this temporary flow 
reversal, saltwater moves from the streamlfTto the 
groundwater body and because of its high density 
may eventually sink to the bottmn of the forma- 
tion.* A saltwater mound is ^ereby formed be- 
neath the stream channel; this mound may have a 
long-lasting, detrimental effect on water supply 
wells in the defep portion of the aquifer near the 
stream channel. Although the original ground^ya- 
ter gradient may be resumed soon after the stream 
subsides, a long time will be required to wash out 
ail the salt by the comparatively slow movement of 
ground water through the deep zone. A town's wa- 
ter supply can be temporarily impaired beyond use 
by this phenomenon, but this occurrence can be 
avoided if water supply wells are placed at a safe 
distance from the bank of any stream subject to salt 
water tides. 



ANALYSIS OF Groundwater Flow Akoirt>iD 
And TfCiouGH Lenticular Beds 

Regional groundwater patterns may be effec- 
tively altered by the ^Dresence of lenticular beds 
intersecting the general direction of.flow. The rpan- 
ner in which these lenses can affect the normal flow 
has often been misunderstood by people involved in 



-the utilization of grourid^ter resourd^. A model 
experiment was performed® in order to study the 
flow patterns around and through lenses of differ- 
ent litliologies. . - 

sThe horizontal model,* Figure 9, 18 inches long, 
I2^ches wide, with an inside thicknesj^of 1 5/8- 
"Inches was utilized for this purpose. The model has 
a 3/8-inch plate glass top and bottom, while the 
sides are sealed with opaque eptoxy resin. Alumi- 
num rejservoir tanks, 3 inches deep, are attached at 
each end, extending out 2 inches frwirthe model. A 
12-inch strip of 1-incH aluminum angle bar i^-bonded 
to the glass top at each end so that the wate.r levels 
in the reservoir tanks can be maintained above the 
level of the model to produce a confined flow sys- 
tem. The model contains porous consolidated mix- 
tures of sand and epoxy resin, simulating sedimen- 
tary rocks, which have been formed into a pattern 
representing a particular geologic structure. The 
oblate lens shown on the right in Figure 9 has a 
coefficient of permeability of les^ than one USGS 
unit (gpd/sq ft/l:l gradient). The eliptical lens^on 
the left has a coefficient of permeability of 10,000 
USGS units, and the encompassing medium has a 
permeabUity of 2,O0^SGS units. 

Figure 9 shows a^an view of the model as ink 
flow bands, emanating from ink reservoir cups 
attached to the* right end of the model, moved 
through the porpus consolidated^ medium under a 
small hydfaulic* gradient. It is interesting to note 
(Figure 9) that flow band No. 3 in the center bifur- 
cated, completely wrapped around the oblate lens, 
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then reunited into a single flow band and continued 
toward the second lens. Flow Bands Nos. 2 and 4 
were forced outward by the effect of the impermea- 
ble lens but were then attracted toward the center 
of the second lens because of its great pjA*meability 
and large capacity for transmitting water. As the 
flow bands left the second lens they again spread 
^due to the decreased transmissibility of the encom- 
passing medium. 

Many persons believe that a small area down- 
gradient from an impermeable^lens will be a dead 
area with no flow moving in ^r out. This model 
experiment supports the fact that there are no dead 
spots or stagnation zones in saturated laminar 
groundwater flow. • 

There is, however, a point of zero velocity, or no 
flow, called the stagnation point, which may occur 
within a flow system. When flow bands bifurcate or 
unite around some boundary condition, such as the 
impermeable lens in Figure 9, or a cone of depres- 
sion of a pumping well," there will be a point 



around which the flow lines, contiguous to thfe 
boundary, pivot as the direction of flow is changed.. 
This point is called the stagnation point. It has no 
area or volume, but js simply an infinitesimaj point. 

.^-Whe^ji considered in three dimensions the point be- 
comes a series of points on a line. With the excep- 
tion of tliese stagnation points, there is a positive 
velocity vector acting everywhere within the pore 
spaces of a saturated porous medium when a hy- 
draulic gradient is imposed upon it. However, al- 

, though all the water in the system will flow, the 
velocity of flow will not necessarily be ponstant 
throughout the porous medium. Th^s can be seen in 
Figure 9, where all the ink bands were injected 
simultaneously into the model, but flow bands Nos. 
r,2,4, and 5, at tl^^^stdes of the first lens, traveled 
at greater velocitieiH^anH^nd No. 3 which began 
directly behind the lens.* InHhis model the water 
immediately down-gradient from the impermeable 
lens was definitely not stagnant or motionless. The 
water flowed very slowly from this area and was 






Figure 9. - Photographic history of the horizontal lens model. The pictures were taken at the following times after the entrance of the 

ink: Aat6mm..Batl8min..Cat34min..andDat44min. 
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c<fctinuously replaced by water flowing from a posi- 
tion of higher potential in accord with t-he equation 
of continuity: 
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where Q* « 
A = 
V = 
0 = 



Q = AGV 
volume rate of flow, 
cross sectional area normal to flow, 
velocity of flow, and 
porosity of porous media. 



The flow diagram of the lens ip<^^ appears in 
Figure 10. The path which a papticlteiof -water fol- 
lows is called a flow line; these at^ represented by 
solid lines. The head decreases along the path of 
flow. Lines connecting points of equal head are 
called equipotential lines; these are represented by 
dashed lines^ An unlimited number of flow and " 
equipotential lines can be drawn, in any flow sys- 
tem; however, in a flow diagram a finite number of 
lines suffice to best illustrate the general pattern of 
flow. As previously stStfd, flow follows the direc- 
' tion of maximum gradient, much the same as a ball 
will take the steepest path when rolling slowly 
down a hUl. Since the gradients are maximum along 
patlis normal to the equjipotentials, the flow lines 
cross the equipotential lines at right angles, thus 
forming a conjugate system." ' 
If flow lines are first drawn at equal intervals 



along a known equipotential line, the quantity of 
water flowing between any two flow linesNvill 
always be equal, assurning a unit depth, with no 
additions to or losses from the saturated system. If 
head loss between all^djacent equipotential lines is 
msiintained constant, then the flux of water moving 
through every element of the net bounded by two 
flow lines and two equipotential lines will be equal. 
This system of const^int density flow lines and . 
equipotentials is utilised in the flow net in Figure 

10. 4 4 . ' ^ ^ 

The change in thickness of flow band No. 3 as it 
^oved around the first lens is of considerable^^ 
interest (Figure 9). It was a thick band, both in 
front of the lens and behind it but, as it rounded the } 
corner, it was very thin. In order Jfor this to occur in 
homogeneous media, the velocity of flow must be 
much greater where the band is thin than where 
the band is thick, in order to satisfy the continuity 
equation; that is to say, when Q remains constant,^ 
V must increase as A decreases. The flow diagram 
of this model (Figure 10) designates fhese velocity ^ 
variations by the changing dimensions of the flow 
net elements. Within a single medium, the velocity 
is greatest in the narrowest elements and lowest in 
the widest elements. 

A great deal caq be learned from this model in 
regard to the proper placement of wells seeking 
uncontaminated water. Many mistakes h^e beeil^ 
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— . Eqjilpoteotlal Line 
^ Scale ' 1/3 of actuil Hodel 



/Figure 10. — Flow diagram of the horizontal lens model shown in Fig. 1. ^ 
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mMe in the placement of wells in ^areas of known 
toxic waste disposal. One common misconception is 
that the shadow of a low or impermeable formation, 
such as an igneoxis plug or stock down-gradient 
f^pm a point of waste disposal, offers a water sup- 
ply safe from contamination. This model indicates 
that this so-called shadow area only offers a delay 
rather than an escape from the inevitable contmni- 
nation. In contrast to this observation is the excel- 
lent possibility of obtaining relatively uncontanu- 
nated water at some distance to the, right or left of 
the high permeable lens. When such a lens occurs 
directly down-gradient from the location of the' 
waste disposal, it may have the effect of concentrat- 
ing the waste fluid in a small cross-section of flow, 
leaving the area to the sides of it uncontaminated 
and, tllferefore, capable of supplying potable well 
water. 



GROUND WATER: MAINTAINING 
ITS CHEMICAL INTEGRITY 

In the previous sections of this paper we have 
examined the physical characteristics of ground 
water movement and concurrently touched on a few 
of the potential pollution prpblems whicinnay alter 
its chemical quality. Let us now examine more gen- 
erally many of the additional ways that ground 
water becomes contaminated and then consider 
potenti^ methods by which groundwater contami- 
nation can be controlled or at least decreased. 
^ Groundwater pollution is caused by man's activi- 
^ ties— excessive pumping from coastal wells, irriga- 
tion, manufacturing, mining, and many others, but 
most importantly, groundwater .pollution is caused 
by poor or inadequate waste-dispogal practices. 
Waste materials are commonly disposed 6f by plac- 
ing them in streams, on the land surface, or in the 
ground. 

Wells near streams cause the water to flow, from 
the stream into the ground, and thence to the well, j 

• If a stream is grossly polluted, this undesirable " 
water may contanunate nearby ground water and 
wells— but it may take several years for the pol- 
luted water to show up at the well and by that time 
perhaps the entire*area beiween the stream and the 

. well is contaminated. . 

This type of groundwater pollution can be re- 
duced by profiibiting the dumping of noxious 

• chemicals and other wastes into streams. Strict 
^enforcement of surface water quality standards, 
which already exist, will go a long way towards a 
solution of this problem. 

Man commonly spreads wastes on the land sxxt- 



face and stockpOes raw materials or ^finished 
products outside. Many of these substances contj|n 
chemicals that dissolve in Watf^p— in-Fain or surface 
runoff., Once dissolved, th^ Itfghly .i^fi|teralized or 
polluted water may slowly sink into thfe soil, leading 
to groundwater pollution. < 

Examples include dumps, manure piles, mineral 
ores,;stockpDes of salt for snow removal, and hun- 
dreds of others. Animal feedlots have contaminated 
ground water with, excess amounts of nitrate— a 
health hazard. StockpDes and salting of roads in 
winter have caused well supplies to taste salty. And 
groundwater contamination by leachate from 
dumps has caused foul tastes and odors. 

Groundwater pollution caused by spreading 
wastes on the land and stockpDing other materials 
can be lessened by*the development of state regula- 
tions controlling such practices . Open and 
unregulated dumps should be prohibited. Stock- 
pDes should be covered or drainage ditches con- 
structed around them so that the runoff can be 
collected and treated. Permits should be required 
but issued only after considerable thought and eval- 
uation of .the potential consequences. In many in- 
stances, bonds should be required which would be 
forfeited if the operation isn't managed properly. 
The operator could be held criminally liable if 
groundwater pollution occurs. All of the regulations 
should be based on sound scientific principles. 

Unquestionably the most serious and widespread 
causes of groundwater pollution are related to the 
storage or disposal of wastes in the ground— pri^ 
marDy by Septic tanks and secondarily by holding 
ponds and Iggoons. The wastes filter down to the 
water table and may later be withdrawn from a 
well. The same is true with outdoor privie^ and . 
cesspools, waste disposal in excavations and sani- 
tary landfills^ More insidious, and in some ways 
more dangerous, is the leakage through ruptured 
and corroded storage tanks and transmission lines^ 
of materials such as gasoline, fuel oil, and radioac- 
tive wastes. ^ , 

Wells contaminated by privies, cesspools, or sep- 
tic tank wastes can lead to waterborne diseases and 
epidemics at the worst, or the water may have 
bad tastes and odors- or even produce soap suds! 
Toxic compounds such as chromium and organic 
chemicals hfive appeared in wells because the 
ground water was contaminated by wastes from 
holding ponds or lagoons. The disposal of oil fieM 
brines in holding ponds or evaporation pits has led 
to the pollution of literally thousands of. sites, with 
salty water. The contaminated water may be^so 
corrosive that plumbing in^ pumps literally falls 
apart, and if the water is used to irrigate a lawn or 
garden, all of the vegetation dies. 
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The effects of drinking water contaminated by 
radioactive wastes are very subtle and may require 
long periods of time to become evident, but leakage 
->of gasoline into the ground has led to taste and odor 
problems which are minor compared to ^he destruc- 
tion brought about by explosions and fires. In a few 
cases, gasoline floating on the water tabl^ has 
. leaked into basements where the fumes V were 
ignited by pilot lights or sparks. - 

Many of these groundwater pollution problems 
cannot be easily solved but controls can be >devel- 
oped so that future problems are mii^iihized. Do- 
mestic Waste disposal will be less of a problem if 
State agencies develop strict guidelines on septic 
tank spacing and prohibit the use of outdoor privies 
and cesspools. Industrial and municipid holding 
ponds and lagoons should, in ipost situations, be 
lined with material that will halt the slow infiltra- 
tion to the water table. The ponds should be pro- 
tected by dikejS and alternate containment facilities 
and before a permit is issued methods should be 
available for the control and cleanup of ground- 
water pollution in the event that it should occur. 
Performance bonds and stiff fines coupled with 
stringent permit procedures would go a long way 
towards proper waste disposal m^agement. 

There are many other causes of groundwater 
poUution. 

Problem: The leakageof highly mineralized or pol- 
luted water through unplugged abandoned wells 
and exploratory holes or through improperly con- 
structed weUs. 

Control: Adequate water well construction stand- 
ards. State requirement that all abandoned wells 
and Exploration wells be properly plugged. 

Problem: Drainage wells and collection sumps are 
designed to drain swampy or water-logged land so 
that the wat^r flows deeper into the ground or to 
collect spilled materials. Much of the drainage 
water and spilled substances are highly mineralized 
and sink froni the wells and sumps into water- 
bearing strata. ic- - 
Control: Prohibit the use of drainage wells and col- 
lection sumps except for domestic use, or require a 
permit procedure under strict guidelines. 

Problem: In some instances, ^ater supplies are 
contaminated l^v accidental spills, such as truck or*^ ^ 
train wrecks. 

Control: Obviously, it is not possible to prohibit 
accidents but it is possible to consider if the mate- 
rials are being handled in the safest manner possi- 
ble. ^Furthermore, it is also possible to develSp^ — 
quick cleanup techniques. This should be done. ' 



There are many sources of groundwater contami- 
nation. In order to visualize whether a certain proc- 
ess or activity may cause groundwater pollution, 
one has to ask himself only one question— does the 
product or waste material contain water-soluble 
substances. If it does, then there is a good chance 
that groundwater pollution may occur if adequs^e 
precautions ^e not followed. * 

Although the final responsibility for the develop- 
ment of adequate regulations to protect our 
groundwater resources rests with State and Fed- 
eral agencies, the average citizen must get involved 
in order to recognize and press the issues. After all, 
we all drink water, we must have it to survive, and 
at least part of the responsibility for its safeguard- 
ing rests on our shoulders. 
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DISCUSSION 

Comment: What is your definition of integrity of 
ound water? Is it zero for further contamination? 
Or, you jokingly said that some streams could be 



56 



56 



The Integrity of Water 



V 



sewers or some aqliifers that have terrible quality 
of^ater-^ 

Dr. Lehr: I feel exactly that way, There are 
indeed aquifers that have poor quality of water nat- 
urally, and in no foreseeable future could they ever 
be used as potable supplies and I think there's no 
reason why we cjiinot dispose of our wastes into 
them. 

They're generally very deep. They have salinity 
greater than 100,000 parts per million and we 
should be able to develop and construct really super 
disposal wells. The regulation in doing that is very 
severe, but when done right it's terrific and I think 
we can consider them sewers and dump our water 
iuto them. / 

The- standards for maii^ning the integrity of 
potable aquifers, aquifers that can be used for 
drinking water today or with a little cleaning in the 
foreseeable future should be the same as surface 
water. In other words, the drinking water stand-^ 
ards, as best we define them, should be used. 

Comment: I was ^wondering if you could explain 
deep well disposal and, secondly, pretreatment for 
deep well disposal of effluents. 

Dr. Lehr: Well, deep well disposal is the emplace- 
ment of pollutants purposely in the ground through 
deep wells. You don^ ever want to do it on the sur- 
face or anywhere near the surface but you can use 
zones that are already unusable and are not as- 
sunjed to ever be usable for one reason or another. 
The pollutants will be stored there and will not mi- 
grate any great distance at a later time and get into 
usable water. We so much about g^round 

water, we can chart tne movement of these under- 
ground formations and we can tell if the pollutant is 
placed properly and the well casing doesn t leak 
upward and that the deep zone is not hydraulically 
connected to a surface water zone by some fault or 
crack in the rock or high permeable zone that 
moves vertically downward. Then we know that 
this pollutant is going to be out of our way for hun- 
dreds of years effectively, and we have a good place 
to put the waste. It is done, it can be done, but 
more often than not it's done poorly and they leak 
and cause side effects and sometimes the wells blow 
out of the ground because the pressure is so great. 

A certain amount of pretreatment is generally 
needed so as not to plug up the deep zone of rock. 
As far as potash goes, I don't know specifically— I 
mean I know what potash is and I'm not aware of 
any potash disposal wells and possibly through my 
ignorance I don't see any reason why one could not 
dispose of potash or anything else. 

We know we can dispose of radioactive wastes 
this way if it's^done properly. Sometimes without 
too much worry if the half-life is reasonable like 50 



or 100 years; if it's very long, we want to make sure 
we do a good job.. But it can be done and I don't 
know whether Tm something of a renegade in the ' 
groundwater field, but I'm a realist as a ground 
water person because the crust of the earth has 
gigantic volume. It's absurd to^dhink we'vfe got to 
protect it all for drinkingAwater. It's a multi- 
purpose system. 

Comment: Many of us are aware of problems 
with older sewer systems, specifically, infiltration.* 
Would you comment, please, on the problem of 
exf iltration in those systems that are above ground 
water. 

Dr.* Lehr: Yes. This is a tremendously„ serious 
problem. In a lot of areas where you could use 
individual domestic systems, where you have good 
soil and you could use septic laijks or aerobic sys- 
tems and you're somewhat short on ground water, 
municipal sewer systems can do a lot of damage for 
two reasons: when they're poorly construpteaTaiid 
^they're all poorly constructed, they have negative 
pressure; that is to say, you always build a sewer 
system so it doesn't leak into the ground water, you 
build it s6 the ground water leaks into it, so you get 
a tremendous inflow of ground water into the sewer 
system and frequently you lower the water table, 
making less water available for use from wells and, 
what is even worse, you increase the load on your 
sewer, your-wat6r treatment plant, because you're 
putting in this perfectly good watef,^diluting your 
sewage and then you've got to treat it all and you've 
realjy got more volume than you can treat. 

Then in periods of high floW you let it run out into 
the river anyway so this is a problem and when you 
are going to build a sewer municipally, and obvi- 
ously in any dense area you want to do it, we need 
to pay a little more attention if we're going to have 
a water treatment plant that is going to operate 
reasonably well. We have to pay more attention to 
designing our system in such a way that it doesn't 
have this negative leakage of the ground water into 
it and the reason they do this is because they don't ^ 
want any sewage to leak out into the ground so they 
overdesign^to make it leak in. I was an engineer 
myself once*, maybe I still am, but I was always fas- 
cinated with these terrific little coefficients that we' 
plugged into our equations, like 2.319. We got our 
answer and then we doubled it for safety. That's 
what engineers tend to do and I think anybody who 
works past the first decimal point is wasting his' 
time and that is a problem. I think we need better 
'design, better engineering. 

Comment: I wonder if you feel that protection of 
ground water is an adequate justification for impos-* 
ing Jand use conf-rol of various sorts and governing 
the way that man lives on the surface of the ground 
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and, if so, what your thoughts along that line are as 
to how it might be done and whal the mechanisms 
and various considerations are. 

Dn Lehr: That's a big question. The, answer to 
the first one is yes,- 1 do believe that protection of 
ground water is a reason to impose land use control, 
no matter how severe the political problem. That is 
to say» I don't ^like to offend peoples rights too' 
much, but I do believe in preserving the land, the 
greatest good for the greatest many, that can be 
done in a non^bureaucratic way,, so I think that it 
.takes considerable care "and thought. 

We're doing a^little bit of this in our document on 
developing regulations for the protection of groiuid 
water* I really can't be specific about it other than I 
think it definitely can be used as a reason for land 



use regulation and maybe as ground water becomes 
more popular we'll put some emphasis on it and 
maybe get the Land Use Bill through the Congress 
next time' with this added reasoning. But I could 
not, in the time or even just off the top of my head, 
give you any Very terrific, specifics as to what can 
- be done. Obviously, whether or not you can use 
septic tanks depends on a land u$e concept. . , 

Another land use probieni' works 'as ioDows: if 
you allow^ uncontrolled building of parking lots, 
driveways, and shopping centers, you absolutely 
eliminate ground water recharge; the water a& 
flows out in the stream and if you're using grouiltf 
water you're depleting your available ground water 
from a quantity 'Standpoint* This is a serious- 
problem. 
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The Water Pollution Control Act of 1972 ad- 
dresses issues relating t6 the development and dis- 
semination of information on the factors necessary 
to restore and maintain the physical, chemical, and 
biological integrity of patural water systems, to 
protect fish and wildlife, and to allow for recrea- 
tional a/:tivities. This paper is directed to the first 
of theseissues and specifically to the hydrologic and 
hydrodynamic effects on the physical, chemical, 
and biological constituents of natural water sys- 
tems. In order to develop information on the factors 
necessary to maintain and re^re appropriate 
levels of water quality, one of the key elements is 
our imderstariding of the effect that manmade and 
natural inputs have on the quality of these systems. 
Accordingly, a brief description of the techniques 
that are available^ quantify these effects is first 
presented, followed by a number of applications to 
♦the analyses of quality in various water bodies. 

The general purpose of this paper is to indicate 
how these techniques permit projections to be 
made for a variety of remedial policies. The ability 
to project futur.e water quality conditions provides 
one of many essential elements required for 
environmental planning. The value of these models 
can only be appreciated if their weaknesses, as well 
as their strengths, are understood; accordingly, the 
, limitations of this type ojf analysis are also dis- 
cussed. In conclusion, a few observations are ma.de 
concerning the nature and validity of the analyses 
anArecomniendations are presented concerning the 
direction and needs of environmental planning for 
water quality. 

INPUTS AND WATER 
QUALITY RESPONSES 

Mathematical analyses of water quality are based 
on quantitative relationships between i/ipuf s to nat- 
ural systems ^d the water quality responses of the 
systems. * . > - 




The common basis of the majority of these 
models is the principle of continuity -or mass bal- 
anee. This principle is i^t only of fundamental 
importance in that it provides a means of structur- 
ing realistic models, but is also of practical value in 
that it establishes a basis for evaluating their vaUd- 
ity. Given a water quality problem in a specific 
area, the particiilar constituents which relate to 
that problem are defined. A mass balance is devel- 
oped for one' or more of these interrelated constitu- 
ents in the water body which takes into account 
three factors: the transport through the system, 
the reactions within it, and the inputs into it. The 
first factor describes the hydrologic and hydro- 
dynamic regime of the water system; the second, * 
the biological,^ chemical, and physical re*;tions 
Which affect the water quality constituent; and the 
third, t^Hnputs or withdrawals of the substances 
through man's activities and natural phenomena. 

EachVegion or specific site has its own g:eo- 
morphological structure -and hydrometeorological *e 
regime which establishes the transport structure. 
Identification and definition of the particular water 
quality problem and the related constituents lead to 
a specificatioaof the reactions which are relevant to 
that problem. Each region is dffected in varying 
degrees by municipal, industrial, agricultural, and 
jLatural inputs which are discharged as either point 
^distributed sources. Each area thus has a set of 
specific characteristics which qualitatively describe 
the problem and which may be expressed quan- 
titatively as transport ♦ reaction, and input coeffi- 
cients. The transition from the general qiialitative .t 
principle to a specific quantitative form is deter- 
mined by assigning a set of realistic coefficients. 
That^hey are realistic is determined by the degree 
to which the concentration, as i^mputed by the 
model, sigtees with observed-'data for various flow, 
temperature, and input conditions. This procedure, 
which establishes the validity of the model, is an 
impprtant criterion in Jthe assessment. 

, 61 



62 



The Integrity of Water 



MODELING Framework 

The procedure of developing the model to analyze 
a specific water quality problem consists of three 
distinct steps: (1) the formulation of the pertinent 
equations; (2) the selection of the appropriate com;, 
putational techniques , to solve these equations; (3) 
the application of the equations and their solutions 
to a particular water system. Although the term 
"model" is loosely applied to any one of the three 
steps, it is used inclusively in this paper. 

In the first step, the general principle of the con- 
servation of mass, as described above, is used to 
formulate th6 equations of the various constituents 
of water quality. In their simplest form, the equa- 
tions describe the distribution of conservative sub- 
stances such as dissolved solids, or singular re- 
actants such as coliform bacteria. They increase in' 
complexity as consecutive reactions (e.g., dissolved 
oxygen) are addressed. In their most complex form 
they incorporate the interaction of a number of con- 
stituents (e.g., eutrophication and food-chain analy- 
sis). For many of the pertinent water quality 
parameters they are reasonably weU formulated at 
the present 4ime. These relationships have been in 
a state of continuous development over the past few 
decades. 

In addition to the teVms which define the reaction 
kinetics, the transport factors must also be in- 
cluded. Depending on ,the geomorphological and 
hydrological chapcteristics of the water system the 
transport may be incorporated in a rather simple 
fashion or in a relatively complex manner. The de- 
gree of simplicity or complexity is predicated on the 
temporal and spatial variation of the particular sub- 
stance which is under consideration. The simplest 

^ framework is the steady-sliate, one dimensional 
analysis, while the most complex relate to time 
variable analysis in multidimensional space. The 
lattet frequently require the use of hydrodynamic 
rela^onships in order to quantify the transport 

^t§Pnis of the equation. The wastewater inputs are 

^ext considered in the fomvulation of the pertinent 
equations. The inputs of mass to the. water systenr 
are due to the discharges from municipal, indus- 
trial, and agricultural activities and the runoff from 
tl^ese areas and from the natural drainage of undis- 
turbed regions. The inputs of various constituents 

^ from municipal sources are well known with respect 
to both the average values and their variations. 
This assessment is^also applicable to many indus- 
tries wWch are characterized by the production of 
one or a few products such as the pulp and papfer, ^ 
canning, and steel industries. However, industries 
which produce a variety of products such as 
organics, synthetic chemicals, and pharmaceuticals 
are more difficult to characterize. The quantitative 



assessment of the inputs is critical, particularly 
with respect to the delineation between point 
sources which are readily controllable and nonpoint 
sources which are relatively difficult and, in some 
cases, impossible to control. Water quality re- 
sponses due to each of these sources must be clearly 
distinguished and described. The difficulty of as- 
siting realistic values to distributed nonpoint 
sources is very evident, given the present state of 
knowledge and data. 

The second step consists of seeking the most ap- 
propriate method of solution of the pertinent equa- 
tions. There are two general classes of solutions: 
one is based on the formal integrations of the basic 
equations and the second is* based on finite differ- 
ence approximations of the differentials. For thp 
simple and intermediate kinetic reactions under 
steady-state conditions, the first type of solution is \ 
commonly used. For the more complex kinetic and 
transport regimes, it is usually necessary to employ 
the second. In either case, there are a number of 
computer programs for both classes which are 
available for. immediate application. 

The last step consists of structuring the solu- 
tions, through the programs, to' fit the conditions of 
a specific water system. This step invariably in- 
volves a segmentation of the particular water body 
taking into account the transport, reactions, and 
inputs. It should allow for a' realistic portrayal of 
the advective and dispersive components of the 
transport. It should permit a reasonable represen- 
tation of the kinetics, particularly with respect to 
geophysical and hydraulic characteristics of the 
system, finally, it should provide for a description 
of the waste inputs and tributaries, both point a^d 
distributed. The guidelines for segmentation are 
also dictated by thp method of solution, i.e., analyt- 
icalintegrat^ forms or finite difference tech- 
niqlfes. Given the method of solution, the system is 
segmented such that the basic assumptions or pos- 
tulates are maintained without violating certain 
mathematical or numerical requirements or intro- , 
ducing unnecessary computational complexity. 

Validation 

The process of validation involves comparison 
between computed values of a variable and those 
measured in the prototype. When this comparison 
is satisfactory, the model is said to be validated. 
What constitutes "satisfactory" depends on the na- 
ture of the problem, the structure of the model, and 
thp extent of available data. 

Wat^r quality models, on the whole, are planning 
and analj^ical tools rather than predictive and fore- 
casting techniques. The model is used primarily to 
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examine the spectrum of responses of the system 
which may occur under varying planning alterna- 
tives, e.g., the water quality responses for the 1977 
and 1983 treatment scenarios under various hydro- 
logical regime^. 

The first step in the validation of the model is its 
calibration. Given the geophysical and hydrological 
characteristics of the system and a water quality 
constituent whose reactions are known in^nciple, 
an estimate or assignment is made of the appropri- 
ate coefficients and inputs. These may be known 
from auxiliary models, as in the case of the hydro- 
dynamic transport terms; they may be assigned 
from correlations developed in laboratory or field 
experiments as in the case of the kinetic terms; or 
they may be specifically measured as in the case of 
inputs. Transport and kinetic coefficients may also 
be available from direct prototype observations and 
measurements. In any case, assuming a range of 
these values is kiiown, a best estimate is made of 
each, the model is run, and the output compared to 
the data. Invariably, successive adjustments are 
required to^obtain a "reasonable" agreement be- 
tween the model apd the data. Having thus cali- 
brated the model, it is thep validated by ijepeating 
the procedure for a different set of flow, tempera- 
ture, and input with the coefficients systematically 
redefined to reflect these conditions. The repetition 
of this procedure for other combinations effects a 
greater degree of validation with each favorable 
comparison between computation and observation. 

PROJECTIONS AND PLANNtNG 

The validated models are then used to project 
water quality conditions for various control 
procediires orpoHcies. These p'rojections are made 
for -Various combinations of hydrological and mete- 
orological conditions for the immediate and long 
4term development of the area. The validated model 
permits a range of alternates to be evaluated in a 
realistic and; quantitative manner. These projec- 
tions provide one of the many "inputs which the 
administrator needs in order to make appropriate 
decisions for environmental f)lanning. The sig- 
nificance of the water quality problem and the con- 
sequences of the decision should be examined from 
both the environmental and economic points of 
view. The degree^ which the analyses, provided 
by the models, affects the decisions should be coni- 
rhensurate with the level of validity of the models 
themselves. From the scientific and engineering 
points of view, the models should be completely 
verified before they are applied in any practical 
manner. 



ERLC 



EXAMPLES AND APPLICATIONS 

The following examples describe the water qual- 
ity problems in various types of natural water sys- 
tems, freshwater slreams, saline estuaries, lakes 
and the nearshore oceans. This four-way classifi- 
cation is based on the commonality of geomorpho- 
logical structure and hydrological and hydro- 
dynamic regimes within each category. The dilution 
and transport associated with these factors deter- 

• mine in large measure the concentration of consti- 
tuents which, characterize the'water quality prob- 
lems. The problems, actual or potential, are caused 
by constituents in the water which are conservative 
and non -conservative. The concentration of non- 
conservative substances is affected by biological, 

chemical, or physical reactions, while the con- ^ 

centration of conservative substances is unaffected 
by such reactions. Each of these constituents is 
present in water systems due to both natural 
phenomena and man's urban, agricultural, and 
industrial activities. In assessing what remedial 
measures must be taken to restore water quality, 
one of the most important considerations is the dis- 
tinction betv\;een natural and manmade effects. 
Within each category, the further distinction 
«hould be made between readily controllable point 
sources and the more difficult distributed sources. 

The first example concerns the buildup of total 
dissolved solids and chlorides in the Great Lffies. ^ 
Since they are conservative and not affected by set- 
tling or volatilization, their concoitrations are 
determined only by the dilution and transport due 
to the freshwater flow through the systems. The 
pertinent transport parameter^ is tiie hydraulic ^ 
detention time, which is the volumSy of a lake 
divided by the total flow through it. A yiap of the 
Great Lakes and their drainage areas isVpresentted 
in Figure 1 which indicates the relat ive ^lagnitude 
of ^ach lake and the directio^^^Jf^^Pftrfsport. The 

^ • source of freshwater flow through Lakes Superior 
and^chigan is the cumulative runoff of the rivers 
draining into each. Their combined discharge flows 
through each* downstreani lake in sequence— 
Huron, Erie, and Ontario, each of which receives 

' additional drainage from its tributary streams. 
The water flow through each lake also provides 
dilution for the inputs of chlorides and dissolved 
solids, whose sources are municipal and industrial 
wastewaters as well as the deicing salt contained in 
runoff from highwayis. The municipal and industrial 
sources have been increasing markedly, since the 

" ,turn of the century, as shown by the growth of pop- 
ulation and of the industrial chemical index in 
Figure 2. The use of salt for deicing purposes ^yas 
initiated in the 1930*s. The increase in concentra- - 
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tion due to these sources is addeQ to the natural 
background value, which is assumed to be in 
equUibrium. The*combined effect of alf the sources 
on the concentration of chlorides from 1900 to 1960 
in each lake is shown in Figure 3— the solid line rep- 
resenting the calculated value and the circles rep- 
resenting the. observations. The marked increase in 
Erie and Ontario is contrasted to the slight in- 
creases in Michigan and Huron and the constancy in 
Lake Superior. These patterns are due to the rela- 
tively rapid growth of population and industry in 
downstream drainage areas by contrast to the mod- 
erate growth in the upstream areas. A further sig- 
nificant factor is the hydraulic detention times— 
approximately 3 and 8 years for Erie and Ontario, 
respectively, and over 100 years for Lake Superior. 
Thus Lake Erie responds more rapidly due to its 
larger municipal and industrial inputs and smaller 
hydraulic detention time. These factors are also 
responsible for the greater rate of eutrophication in 
this lake. 

It is informative to examine the relative influence 
of each of the components which make up the 
chloride concentration. Figure 4 indicates the con- 
tribution of each source to the total concentration in 
Lakes Erie and Ontario. The greatest impact in 
Lake Erie is due to the industrial discharges. 
Municipal sources are fairly significant while the 
Heicing salt is becoming more pronounced as time 
goes on. The effect of the upstream input from Lake 
Huron is also important. In Lake Ontario, however, 
the greatest effect is felt by the Lake Erie inflow. 
While the combined effect of the municipal, indus- 
trial, and deicing sources is si^ificant, it is (3l5v4- 
ously much less than that of the Erie input. 

A similar analysis v^as m^e for the concei%tra- 
tion of total dissolved solids and the patterns were 
substantially identical. An example of the applica- 
tion of this type of analysis is presented in Fjgure 5. 
If both industrial and population growth and the 
increase in deicing salt usage were to continue at 
the rates experienced in th'e past, the total dis- 
solved solids would reach a concentration of 500 
mg/1 about the year 2050. ThL*?- is shown by the 
unper line in Figure 5. If industries in the Ontario 
bSin ceased discharging salts, there would be an 
initial decrease; but as the population grew the 
trend would be reversed and the solids would again 
increase. This simple example is presented to dem- 
onstrate the utility of the analysis in environmental 
planning and management. 

The t)hio River below the city of Cincinnati, as 
shown in Figure 6, is subjected to a backwater 
effect from the Markland Dam. Prior to its con- 
struction, thefe were five individual dams, whose 
reservoirs had shallower depths and smaller cross 



sectional areas, as shown in the lower right-hand 
corner of Figure 6. The height of the Markland Dam 
submerged the existing dams, crofting a water 
depth in the order of 100 feet at its face which de- 
creased in the upstream direction. The cross sec- 
tional area of the river varies in a similar f^hion, as 
shown in Figure 7. The larger cross sectional area 
reduces the time of passage through the system and 
the greater deplhs markedly change the reaera- 
tion capacity of the watec body. The effluent from 
the sewage treatment plant serving the city of Cin- 
cinnati was the primary source of wastewater. The 
effect of this effluent on the disso1ved~oxygen con- 
centration is shown in Figure 8. The solid line is 
that calculated by the model and the various sjmi- 
bols represent observations taken during periods 
when the river floiy and temperature were the 
same. There is a very rapid drop followed by a rela- 
tively slow buildup. This pattern is primarily due to 
the increasing depth of the body of water which 
affects its gas transfer characteristics. -As the depth 
increases, the ability to transfer oxygen from the 
atmosphere to the system decreases and, conse- 
quently, the DO is depressed and remains so for a 
significant number of miles downstream. 

The projections are shown in Figure 9. The com- 
ponents of the dissolved oxygen deficit are shown in 
the upper figure and tlffe resulting dissolved oxygen 
profiles in the lower. The flow of approximately 
10,000 cubic feet per second is a relatively low flow 
for the Ohio River. Even with high degrees of treat- 
ment, such as 90 percent Iremoval of the carbonace- 
ous demand and 80 percent removal of nitrogenous 
demand (the order of best practical tri^atment), the 
resulting profile indicates a minimum concentration 
of about 3.5 mg/1. A projection back to hydro- 
graphic conditions of the lower dams would indicate 
that the dissolved oxygen would be in the order of 2 
mg/1 greater. The hydrographic and hydraulic 
effects caused by the construction of dams may be 
quite significant and presently available methods of 
analysis permit this assessment to be made as dem- 
' onstrated by this example. 

The river flow of 10,000 cubic feet per second, 
which is a low flow for the Ohio River used in the 
previous example, is significantly greater than that 
available in other geographical regions of the, coun- 
try. The effect of river flow is further evidenced in 
those areas where large metropolitan develop- 
ments are located on upstream tributary streams of 
larger river systems. The effluent flow may be 
greater than the flow in the river, as in the case of 
Atlania, Ga., and Dallas, Tex. It is frequently of 
the same order as in Denver, Colo., and'theBome- 
Utica area in N^w York. For example, the Rome- 
Utica metropolitan districts are located in the 
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upstream region of the. Mohawk River Basin, as 
shown in Figure 10. The drainage areas and^ws 
are presented in Figure 11. The wastewaterjnpate, 
as measured by the present and projected carbonV 
ceous oxygen demand (BQD) and a typical dissolved' 
oxygen profile during September 1966, are plotted 
in Rgure 12. The concentration frequently drops 
to zero during the summer months when the tem- 
perature is high and the flow low. The computed 
profiles and observed data of both BOD and DO are 
shown in Figute 13 for July 26, 1967, This, ^con- 
junction with analyses of other survey periods, 
indicates substantial agreement between calcula- 
tion and observation . 

The components of the dissolved oxygen analysis 
are plotted in Figure 14. The sum of the individual 
elementsjs shown in the upper segment of this fig- 
ure, which is subtracted from the dissolved oxygen 
saturation value to yield the calculated profile of 
Figure 13. Breaking down the problem to its 
individual elenients enables an evaluation to be 
made of the effective methods of control. The car- 
bonaceous and nitrogenouSs deficits are caused by 
the Rome and Utica wastewaters, while the sludge 
deposits are primarily the result of storm drainage. 
The background values are shown in the lower por- 
tion of Figure 14. 

Water quality pr6jections for future levels of 
development of the area were made, utilizin'g the 
validated model as shown in Figure 15. Fgr each 
level of projected development, various degrees of 
treatment were imposed and the resulting dis- 
^ solved oxygen concentrations determined. It is evi- 
dent that water quality problems of low oxygen 
persist for many of the projected conditions. The 
sharp drop in dissolved oxygen downstream from 
Rom^occurs in a small tributary of the Mohawk. If 
the outfall is rd^ated 1 mile downstream to dis- 
charge dfrectly to tlie Mohawk, as shown in Figure 
16, the depressed dissolved oxygen in this stretch is 
elimina^lfi. Knowledge and understanding of the 
hydrology of the system permits evaluation of 
alternate methods of control as indicated by this 
example. ; 

By contrast to ^freshwater streams, saline 
estuaries are characterized by different hydraulic 
and hydrographic features. The primary difference 
lies in the mixing and dispersion due to the density 
and tidal effects. The following examples, describ- 
ing wateMjuality studies in the Houston Ship Chan- 
nel and N^w York Harbor, illustrate the impor- 
tance of these factors. Figure 17 shows a map of the 
Houston Channel and Galveston Bay which flows to 
the Gulf of Mexico. The tidal effects in the bay are 
dampened by the restricted inlet, 'and hydraulic 
transport is further affected by the relatively low 
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freshwater flow. Because of these characteristics, 
substances are retailed in this system for extensive 
periods. A map of the channel is presented in Fig- 
ure 18, indicating the location of the sampling imd 
gaging stations. Figure 19 portrays the distributioR- 
N)f freshwater flow and the location and magj\itude 
of the wastewater inputs as measured by^the bio- 
chemical oxyggn demand. Figures 20^ and 21 pre- 
sent the data and calculation for the dissolved 
, oxygen during the wet and* dry periods, respec- 
tively. The increiase in freshwater flow shown in 
each drawing is due to the San Jacinto River. The 
range of the dissolved oxygen values' as shown by 
the bars reflects the difference between the surface 
and bottom concentrations. It is evident that this 
system is highly stratified, as is'freqijpntly the case 
in estuaries. The extended region of zero dissolved 
oxygen is caused by th^ high waste inputs into tidal 
systems of low freshwater flow and moderate tidal 
mixing. Projections of water quality conditions, 
based on secondary treatment of all the waste ♦ 
sources, is shown in Figure 22. Even with low flow 
augmentation of .,500 and. 1,000 cubic feet per 
second, low dissolved oxygen concentrations per- 
sist. The hydraulic influence pf Ijie augmented flow 
is relatively minor because pf the large volume of 
Vater contained in the manniade channef and turn-, 
ing basin, a large volume at great depth and small 
velocity. 

A further example of the hydrography of a tidal 
system is New York Harbor,^ map of which is 
shown in Figure 23. The total itiass discharge of 
BOD is much greater than that of the Houston Ship 
Channel. Dissolved oxygen concentrations,* al- 
though depressed, are not as low as those in the 
channel. This is due primarily to the relatively 
intense paixing and dispersion of the tidal factors in 
New York Harbor and, to a lesser degree, to the 
effect of the Hudson River freshwater flow. At the 
time the analysis was performed the crosshatched 
areas of New York City, as shown in Figure 23, 
were 'not receiviiTg sewage treatment. Since that 
time treatment plants have been installed in these 
areas except for the' western part of Manhattan 
Island on the Hudson giver, which is presently 
under construction. Figure 24 shows the compari- 
* son between the model and the data for the Hudson 
River and the East River. With projections of sec- 
ondary treatment in the order of 65 to 85 percent 
.removal of the significant waste^ources, the DO- 
can be increased to about 4.5 mg/1 in the North 
River and 3.5 mg/1 in the East River. The DO has 
never dropped below about 1 mg/Hn the East River 
or below 2 mg/1 in the Hudson River even when the 
waste discharge was greater than that shown in the 
figure. The primary reason is the maintenance of 
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^ dissolved oxygen due to the rather intense tidal 
mixing and freshwater flow which permits this par- 
ticular system to respond much more positively to 
pollutional stress. 

The nearshore ocean regimes also involve hydro- 
logic and hydrographic factors. A prime example is 
the Boston Harbor area shown in Figure 25. The 
problem was ^he bacterial pollution which prevailed 
throughout the whole %ystem which necessitated 
closing the bathing beaches and the shellfish areas. 
The major sources of pollution ^were the effluents 
from two treatment plants at Nut Island and Deer 
Island, the storm overflows frgm the Charles River 

''and the discharge of sludge^Trom* the treatment 
plants. The significant hydrodynanjic phenomenon 
is the dispersion due to the tidal and density effects 
which traiifsports material laterally and longitudi- 
nally in the horizontal plane of the harbor. Figure 
26 presents the 1967 calculated and observed distri- 
bution of coliform bacteria which indicates fairly 
good agreement. In the interval between 1967, and 
1969 the construction of tile Deer Island plant was 
completed an_d chlorinatm was put^to operation. 
In 1969, then, the syst^ received th^ chlorinated 
effluent from Deer Island, the storm overflows 
from the Charles River, and the sludge discharge* 
from the plants.»Figure 27 shows the 1969 colifornK 
distribution. The calculated concentration south of 
Deer Island can be interpolate to be about 2,000 
MPN/100 ml by contrast tathe 120,000 MPN meas- 
ured Jn H67. The individual effects of the waste 
input components are shown in the following fig- 
ures. Figure 28 shows the computed coliform con-, 
centration from the Deer Island and Nut Island 

.chlorinated effluents,, which are insignificant.'Fig- 
lire 29 shows effects of the discharge from the 
storm overflows from the Charles Rivjer area*. The 

, value south of Deer Island can be interpolated at 
about 800 MPM/100 ml. Figure 30 shows the effects 
of sludge disposal practice resulting A a level ot 
almost 1,000 MPN/iOO ml. 

The superposition of these three inputs yields thet 
total of about 1,800,^ which is in reasonable agree* 
ment with the observation.lt is apparent that the 
sludge disposal and the storm overflows are causing 
a higher level of- pollution tctthe system than are 
the treatment plant discharges.^ It is»obvious then 
tha^Jalternatives other than treatment of pqint 
sources can be evaluated and analyzed. Such alter- 
*^ nates^may provide more effective^improvemenTTr^ 

^ water quality than advanced levels of treatment 
from point sources . 

«% Another nearshore ocean exampli^i^^e New 
York Eighty The area presently usedTor disposal 
of sewage sludge » dredge* stk)il, construction debris, ' 
acid waste, and toxic chemicals from the metropoli- 



tan area. Figure 31 shows some of the sites and 
quantities involved both in New York waters and 
Long Island Sound waters. Figures 32 and 33 show 
the^ results of drifter studies in the bight area, * 
which qualitatively indicate the hydrology and Hy- 
drography of the area. Surface drifters weratrans- 
lated to the Long Island shore, some to the Jersey 
shore, and some out to sea. Most significant is 
predominance of the bottom drifter^ which moved 
with the bottom currents to the Long Island shore. 
These simple yet informative field experiments 
ich were conducted by NOAA are indicative of 
the^omplexity of the hydrodynamic regime, which 
is affected by tides, fresh wf^ter flow from the lower 
harbor, winds, and density effects. Due to the cur- 
rents and dispersion associated with the hydro- 
dynaniic and hydrologic regimes of the region, the 
sediments are being slowly transported northward 
toward the Long Island shore. Furthermore, in the 
immediate vicinity of the disposal sites, depression 
of dissolved oxygen is occurring as shown in middle 
and lower segments of Figure 34. Figure 31 also 
indicates the location of plant outfalls from Long 
Island: the Nassau County outfall presently und^ 
construction, and the proposed Suffolk County 
outfall. 

The solution of the hydrodjmamic problem is par- 
ticularly^ important, because of the sludge disposal 
practices, which impact the individual site locations 
and potentially the shore region. By virtue of the 
hydrodjrnamic transport of the system, the organic 
material is gradually moving shoreward, as more 
material is added. This pattern is evident in Figure 

34, which presents t\\e spatial extent bf the organic 
matter in the sediments. 

^Studies were made of the individual and com- 
Jt»ined effects of the outfalls on water quality in the 
area. An example of this analysis is shown in Figure 

35, which presents the projected concentration bf 
nitrogen in both the surface and bottom for the con- 
di^on of ultimate development of the areas. The 
cSHiposiie effecS^)fthese outfalls, the Hudson River 
discharge, the sludgQUsposal,*and the Ne^|iersey , 
outfalls should be analysed. ' 

The final example relaces the process of eutrophi- 
cation, which is the fertuiz^tion of natural watfer 
systems, producli\g excessiv?limounts of phyto- 
plaQkton or aqifatic weeds. Although lakes are par- 
ticularly susceptible to this phenomenon, it also 
occurs in freshwater, streams and sfiline estuaries. 
Th*e analysis of the problem is straightforward in 
priftcipletvinorganic nutrients, nitrogen and, phos- 
phorus, are convertec^ to plant organic material ' 
through photosynthetic actioil. The plants usually 
grow during the summer and spring when tempera- 
ture andjight conditions are conducive, die in late 
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fall with little or no growth taking place durtng the 
winter. They are also preyed upon by the next link 
in the food chain— the herbivorous zooplankton- 
they, in ^urn,«4)y the carnivores. These are then a 
food source for the n§xt trophic Ipvel and sequen- 
tially through the food chain to man. Each trophic 
^ level by death and excretion returns organic nutri-^^ 
E^nts which- hydrolyze to inorganic forms, and the 
y^^cycle continues. Controlled discharges of nutrients 
to natural water systems are incorporated in this 
natural (^cle and may be helpful and beneficial to 
productivity. It is the excessive discharge of nutri- 
ents which causes the degradation of water quality. * 

In addition to the availability of nutrients, other 
conditions affect the growth of phytoplankton, one 
of which is the flow through the system. Reducing 
the hydraulic transport through the system may 
increase the severity of the problem by retaining 
nutrients in the system for greater periods and thus 
increasing their availability to phytoplankton. One 
phase of the California Water Plan is potentially 
faced with this problem. It has been proposed to 
divert water from the Sacramento River in the 
, north to the relatively arid areas in the south by 
means of a peripheral canal on the eastern border of 
the Sacramento - San Joaquin Delta, as shown in 
Figure 36. The question arises, then, as to what 
effect the redjuced flow through the delta and the 
downstream Suisun Bay will have on the eutrophi- 
cation. ^ 

Two specific geographical areas are analyzed in 
orjder to demonstrate the effect of freshwater flow: 
one at Mossdale, on the freshwater portion of the 
San Joaquin,. and the second the estuarine area, as 
shown in Figure 37. The annual variation of tem- 
peratur'e, flow, and radiation for the years 1966 and* 
1967 is presented in Figure 38 for the San Joaquin 
River. These, in conjunction with the nutrient dis- 
charges, were input data for the model which calcu- 
lates the temporal distribution of phytoplankton, 
zooplankton, and nutrients. These distributions are 
. presented in Figures 39 and 40 for the freshwater 
San Joaquin River at Mossdale and for the ,^ 
estuarine waters^ at Antioch, respectively. The - 
effect of the hydrology is evident; contrast the 
pronounced bloom in the spring of the low flow year 
in 1966 to the high' flow in 1967, which essentially 
flushes the system before it has an opportunity to 
grow. The lower flow at the end of the year permits 
growth to take place as evidenced by the fall bloom 
in 1967. In the estuarine area, the tidal mixing 
predominates over the freshwater flow and growth 
of phytoplankton occurs to about the^'same degree 
each year. The, effect of freshwater flow in this 
regiorfis obviously less pronounced. 
Although there are differences between the cal- 



culated profiles and the observations, the, general 
pattern is reproduced by the model, at least to the 
degree which permits some preliminary evaluation 
of the effects of flow diversion and ip.creased dis- 
charge of nutrients. The model was run for these 
projected conditions and the results are shown in 
Figure 41. It is to be noted that increased nutrients 
and light have a more pronounced effect than de- 
creased flow. Furthermore, since levels of greater 
than 100 ug/1 of chlorophyll are projected, which 
are considered excessive, removal of nutrients is 
called for. The bottom graph in Figure 41 indicates 
that presently available treatment technology for 
nutrient removal maintains concentration levels 
which-are considered acceptable. 

CONCLUSION ^ 

One of the essential elements in developing 
information on restoring and maintaining water 
quality is an under^anding of the effect that man's 
activities and natural phenomena have on the qual- 
ity of water systems. These systen^ may be 
characterized|^ different physical, chemical, and 
biological ways. This paper has emphasized the 
effect that the hydrological and hydraulic factors 
have on water quality, specifically addressing the 
physiochemical and biochemical phenomena. By 
virtue of the mass and energy transfers through the 
pathways associated with these phenomena, or- 
ganic subsrtances are converted to bacterial cells, 
consuming oxygen, and inorganic nutrients are 
utilized by algae, producing oxygen. This con- 
version, tfpon which the higher biological forms 
depend, is an essential link in the food chain. 

The term "biological integrity" covers the spec- 
trum from the microscopic bacteria and algae to the 
fish and microscopic plants. Although there is, in 
general, greater public awareness about the latter, 
the former are of more fundamental concern be- 
cause they form the basis of the food chain. Fur- 
thermore, they are of practical importance because 
water pollution control measures^ are specifically 
directed to the removal or transformation of these 
microscopic substances which, in turn, maintain 
and/or restore aquatic environments conducive to 
the preservation of the higher forms. 

While the phenomena relating to the microscopic 
forms have been quantified (albeit with some scien- 
tific disagreement), those relative to the higher bio- 
logical levels have not been— at least not to the 
point where reliable projections can be made. It is 
thus possible at the present time-to make predictive 
assessments of dissolved solids, bacteria, dissolved 
oxygen, nutrients, and phytoplankton, but ex- 
tremely difficult to make such assessments about 
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fish and aquatic pla(nts. The ability to formulate 
quantitative relationships decreases progressively 
as higher levels of the food chain are addressed be- 
cause of the increased diversity and myriad interac- 
tions which characterize these levels. It becomes 
progressively more difficult as more complex prob- 
lems are analyzed, e.g., the accumulation of toxic 
material in the varioub trophic levels. 

Significant advances in our scientific understand- 
ing of these phenomena have been made over the 
past few decades, but not to the point where relia- 
ble (juantitative assessrfients can be made. It may 



be neither ppssible nor necessary to do so in the 
immediate future. In some\cases, then, the nature 
of the etivironmental questions exceeds oui: present 
ability to proviile reliable answers. Perhaps, at thi^ 
time, qualitative assessments are sufficient to 
effect a dramatic improvement in water quality and 
this'^>^gears to be the spirit of the recent legislfi- 
tion. in any case, the analyst has the deep obliga- 
tion to indicate the extent and degree of validation 
of the model, such that sorne measure of its reliabi^ 
ity is evident to the administrator in the decision- 
making process. , 
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Figure 3.— Computed and observed chloride concentrations. 
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DISCUSSION , 

Comnient: On the last example you showed, 
would there be any payoff on the regulation of the 
use of fertilizer rather than treating afterwards? 

Dr. O^Connor: I think So. I think it's an area to be 
looked at more. We didn't address that Specifically, 



but I would Certainly say that would be one that" 
could be. 

Comment: To what extent is it^now becoming 
practical to introduce aquaculture factors into these 
types of equations, as in a case of physically ejt- 
tracting nutrients that are in excess? I 
» Dr. 0*Connor: I see that as something, that's 
very much in the forefront. I don't see it as some- 
thing that is practic^ immediately^ but I support 
that development and I'm optimistic about it in the 
relatively near future. 

I think we need a little more data bn it, specific 
data, experiments, so we can see the data and th^ s 
we can model better. * \ . ^ ' 

* Comment: It seems to me that maybe there 
needs to be more support of this*type of activity in 
the United States. The Japanese are way ahead of 
us. Considering the billiqns of dollars that are going 
to be spent on extraction of nutrients by sewage 
treatment, it seems relatively modest amounts of 
research might have a large payoff. 

Dr. 0*Connor: I subscribe to that 100 percent. 

Comment: That was a tremendous presentation. 
A couple of tbing?! came out that the group is 
struggling wiib-^wbat about the integrity of 
water. I look at the ^integrity of my own body for 
instance, and it isn*t a perfect thing. My body has 
integrity but it's not perfect. Do you have any 
thoughts about water and its perfection or its , 
integrity?^ Tm finding it difficult to 4escrib^ the 
problerir, but we can't have complete zero of any- , 
thing and we can't have complete perfection. What 
we have is something in between. I wonder if you 
could speak for a riiinute to that kind of proposition^ 
■ Dr. 0*Connor: I'd like to^speak about an hour on ^ 
that kind of propc^jon. I don't know really how ^ 
much more I th\ say". I do respond to the spirit of 
your question. - ^; V 

I think all of us,*V.hen we read the law, and even 
specifically our requests to appear here, we all 
asked ourselves more deeply, what we mean by the 
integrity. And I submit,, it's basically a phUosophi- 
cal question, and maybe even a moral one. 

I haven't got an ans^yer, I keep looking for it. I 
think in some of the things I said I tried to address , 
what nature is; it has bad parts and good parts. We 
look at it through jaundiced eyes; we assume we 
have the perfect vision. 

It's good that optimism has pervaded our west- 
ern culture for a good number of years. The east- 
erners, are much more realistic about it. I don't 
know what we can learn from them. 
- 1 am trying to say that given that, you always 
strive for these ideals. Maybe sometimes we strive 
too hard, or too high. Maybe they're good to have, 
but maybe we can regard them as ideals. 
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The final point, which I think follows, is that we 
interpret., this in a pragmatic or enforciftg way as 
• zero discharge, 

There'sja certain point that we tali about in 
agriculture, a natural cycling of materials. There's 
some point where we can leave in^someniitrogen 
and phosphorus. Do we really^ want to discharge 
sterile waters to our natural system? 

I don't think that is in accord with what I observe 
as a natural law. So things like nutrients, and to 'a 
certain degree TDS, should be naturally recycled. 
That is part of zero discharge of pollutants but that 
doesn't mean distilled water. 
„ On the other side are the synthetic'compounds 
that industry is continuously manufacturing. They 
have to be reevaluated much more significantly, as 
I know some are, so they can break down to provide 
some of the bAsic nutrients . ^ 

That addresses the issue. I know it doesn't an- 
swer the question. 

Comment: I think it opens up what is a pollutant? 
And we just go from one problem to another. 

<Dr. O'Connor: Exactly. When we think in terms . 
of recycling, it's apparent that zero discharge is not 
part of it. The law is a little ambiguous that way, it 
*was written from that point of view, the idea of a ' 
natural cycling of materials, to which I think, by 
and large, everyXine subscribes. 

It automatically follows therefore, that there's no 
zero disTcharge that will be going through recycling. 
If we don't recycle onto the water then we're going 
to recycle onto the land. Maybe that was what we 
presupposed. 

I think the water has to be nourished just as the 
land has to be nourished. It's balanced. We're not at 
the stage of saying what the balance is, but I^do 
agree with you. 

Comment: In Texas you showed a significant 
amount of pollution appeared, and you ordered the 
oxygen pro^^6 ^^r the channels in question, I was 
curious to know if we can infer from that that-low- 
ering of th^ amount of deoxygenating waste in the 
stream can occur without the stream flow shojving 
similar effects? 

What I am trying to get at is: are there some 
kinds of strjeam channels, particularly iq canal sys- • 
t)wns, which are so limited in their reaerating 
capacity that we have a limited return on our 
[waste treatmentl investment? 

Dr, O'Connor: Yes. I respond to your question 
positively* That's about it. The significant inp^ut of 
the San Jacinto, is that what you're thinking of? 
Where that comes in, you would have expected a 
more pronounced influence in dissolved oxygen. 

That is due to two reasons. One you alluded to, 
the 'artificial deep channel there^, 30 or 40 f^t., 



When you ^tart to do things like that, there's a 
point of no return. 

I think they would \)e better off in many ways if, 
in the future, we can think more in terms of 20-foot 
channels. There are limits on exact relationships, 
and they may, economically and ecologically, be 
best. ' . 

The^second factop is that the tidal in^uence is a 
balance between the tidal effects and the fresh- 
water effects. Perhaps it's not too specific, but, yes, 
your first point is pToperly taken . 

Comment: you made the statement that a model 
i§ just a planning tool. We're now using a model as a 
regulatory tool in many areas. What kind of success 
A) you expect we'll have if challenged in the courts? 
Will the cbxul understand what we've done,, what 
kind of success we expect in this area? 

Dr, O'Connor: That's a good question. We talk 
about all the disadvantaged people in our society, I 
think some of the most disadvantaged are the 
judges. Can you imagihe what they're f^ced with, 
with these court actions? You're going to'line up all 
the experts in the world, regardless ^{ what side- 
they're on, and how does t^e poor judge get this 
unraveled? 

I ,think what we have to do, and I hope I'm^ an- 
swering your question, but I think what we have to 
do with groups like ourselves, regardless of whom 
we represent, is to offer our servicjes to the judge. 
There should be a third facet* to evaluate these two 
things. 

Our system was structured on the government 
balancing industry.^S'ay they are unbalanced, how 
do you side between these two? I think we have 
to structure another facet that gives advice to 
. the^ judge. ^ 

That advice would take on the evaluation as to 
what;degree, first, ho^ representative are those, 
whatever the issue might be. That is, has the man 
.extracted^*the relevant features." 

Second question: what degree has been cali 
brated and validated. And then ho^y far are we car 
rying that extrapolation? Are we really taking it 
are we close to it? 

These would be the criteria by which, and I be 
lieve having had the experience, that California 
worlTwas a public hearing, and in essence it was a 
court case,^he local people took the Department of 
Wat^ Resources to court, and we represented the 
• De'partment in that case. Five men heard the case, 
and there was only one with technical training. 

It took a long-time to describe this, but' it did 
work« and I think it can work-, if judges are that 
type. But, having had that experience, I do sup- 
pc^, strongly, that the judge should have a much 
greater 'budget available for his own evaluation, 
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instead of getting this contradictory evidence from 
two experts. That's the difficult part, but I think it 
can work. 

Comment: Do you have any doubts on lowering 
the phosphorus level and the validation of that? 

Dr. O'Connor: I indicated in this last project that 
I was only looking at nitrogen. The reasoh being 
that phospliorus was plentifully available from the 
natural input. There's phosphorus mining and it's in 
/the ground water. And the* phosphorus levels were 
far in excess of the saturation contents. In a num- 
ber of other systems, however, the phosphorus 
level can be the limiting factor, as it appears to be, 
to some degree, in the Great takes system. 

What's' simplistic about what you just suggested, 
and I think maybe you realize it, is that really it's a 
product of those two nytrients and^maybe every 
other., Whatever form that particular equation 
takes ^ the growth coefficient in these equations has 
to reflect, jiin k product fashion, nonlinear fashion, * 
the concentration of aU the relevant nutrients. 

Consequently, and^you know the type of curve 
that is usually used,, so. we can fall up and down that 
thing, to call something limiting is very deceiving. 
Any place along thai curve^there are combinations. 
In, our recent wofk in Lake Ontario, at one time of 
the year phosphorus was limiting, in the sense that 
it was below the curve, and in the fall, the latter 
part of the sumnier, it was nitrogen . . 

Fm ^ery wary of the *1et's remove all thp phds- , 
phorus" because of good qualitative reasons. But 
we're dealing with nonlinear systems, and that's 
whjj, in general, I'd be very leary of any such state- 
ment that this or that is limiting. Did I address the 
question? * ^ ' 

Comment: In relation to that, we have algae in 
the stream, and we're attributing that to phos- 
phorus. * ■ ^ * 



Dr. O'Connor: Does the field data bear^ that out 
too? i would still try to validate a model for that 
.'system, before I moved in that direction. 

Comment: Talk about your efforts in the so-called 
tutrophication models and studying them to such 
an*exteilt that you really understand the system. 
There are a couple of empii^ically-based models, if 
you want to (Ml them that, that are sort of black 
box approaches, empirically-derived relationships 
on observed data. Is that the kind of thing you see 
coming forth? ' • _ 

Dr. O'iionnor: I • would hope. so, but from my 
understanding of tTie phenomenon involved now,! 
think perhaps they are too simplistic. They' were 
excellent first steps in giving some understanding, 
but, in that case, I think the direction has been 
oversimplification^, s 

It id a limiting situation, and w^UHJe reporting on 
this in the near future, my colleagues and i^yself, to 
show that this'approach fits into what we are doing, 
and td.indicaj^ that it is a liniiting situation. 

Tl^at s why, when you try to correlate data to this 
approach, you see the usual scatter problem. It's 
the right idea, but too Simple, as I see it. That's a 
rather qualitative opinion. . 

Comment: There is a m^ of data,, based on 
studies designed to apply that. The woridng papers 
are coming out, and a lot of them fall pretty much 
into the model, as propel . 

Dr. O'Connor: It's like using ai^ good piece of ^ 
information. Use«it within the limits fbr which it 
was constructed. These are reasohable guides, but, 
maybe because Fve gone the other j'oute,^'m wary 
of them. Maybe I,haven*t got the totally unp'reju- 
diced ey^.' * , ^ 

Comment: One thing, Fm not too sure of the 
limits of the approach, and if they have been well 
defined. The original work is rather large. 
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fNTRODUCTION 

* The most important physical factor affecting the 
water quality of a natural water body into which 
wastes are discharged is the state of m6tion of the 
receiving water. Waterways, whether they be 
lakes, reservoirs; rivers, estuaries, or the oceans 
are seldom stati6nary except for relatively short 
periods of time. Furthermore, the act of discharg- 
ing a waste will in itself produce motion by ]et diffu- 
sion. Motion of the receiving waterway also be 
generated by gravitational forces, wind stress at 
the 'water surf-ace', astronpmical . tidal forces, or 
atmospheric pressure' variations. The resulting 
• •How is affected by frictionaTforces producing turbu- 
lence ahd dispersive mixing processes. Density var- 
iations caused by gradients of Water temperature, 
suspended.Sediments, or dissolved salts may aug- 
mentorh^der the shear-induced mixing processes. 
Thos. distributions of temperature, salinity, and 
sojids are important physical factors affecting^ 
water quality both through their influence on the 
transport' processes and by their 'effect dn bio- 
chemical transformation rates. 
■ The improvement and coiitrol of water quality in 
a.natural water body suc^ as a river or estuary can 
be achieved by intelli^nt regulation^f municipal 
an* industrial waste discharges. Waste treatment 
techWesby chemical and biological processes are 
highly developed, and while it is technically possi- 
ble to approach "zero discharge" of^wastes in most 
cases it is neith^necegsary nor economically feasi- 
ble to do so. The aofportanl^ engineering decisions in 
water quality control relate to the determination of 
the level of vfasU treatment that is consisteiil^ with 
the multiple uses of natural water bodies. This im- 
plies the ability to forecast or predict the response 
of the river or estuary to future increases.in invest- 
ment in waste treatment f^ilities. . . , 
' The prediction by mathematical or physical 



mdde\k Of effects and benefits in advance of the &m- 
strtfctibn of a facility, is the essence of engineering. 
Physical models are of limited use in water quality 
studies because of the difficulty of simulating bio- 
chemicalA reaction processes at reduced temporal 
and spatikl scales. Within the last decade engineers 
and planiJers have made increasing use of mathe- 
matical mMels for planning purposes. The objec- 
tive of thisVaper is to present some recent develop- ' 
ments and future research jdirections for 
mathematicM models for water quality control and 
to illustrate \he important coupling between physi- 
cal factors, r^resented by hydrodynamic transport 
processes,.' arid biochemical -water quality pararj- 

The models used for illustration wer? developed 
at MiT over the past 5 years. Since this paper is not 
intended to be a state-of-the-art review or a cri- 
tique of various modeling approaches and solution 
techniques, the *Jack of reference t<j comparable 
models developed by other investigators is justified 
only in the intere^ of brevity. ^ 

STRUCTURE Of\ WATER 
QUALltY MODELS 

All mathematical riiodels are approximations, in 
varying degrees, (if .tha natvlraj processes which 
they attempt to reVesent hi a deterministic man- 
ner. In an ecdsysteW as complex as a river oj- an 
large number of possible ap- 
the conceptual framework of 
Vn/ water quality model con- 
taining a numoer oi ^ate constants" can bemade to 
agree witii field dak by the familiar process .of 
curve-fitting. Howevlpr, there is no guarantee that 
a particular model wUl give valid results when used 
■ "in a predictive role. It is Important that the user or 
• developer of a water duality model have the %bility 
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estuary there arev^a 
proximations withir 
simulation models, 
taining a number of '1 
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to analyze the structure of the modeK and to judge 
the validity of basic assumptions. 

Various strategies can be identified for structur- 
Jig mathematical models>?of aquatic ecosyste^ 
Table 1 identifies threeJbasic fy^s of models: 




Table L 



Type of model Organizing pnnciple Causal pattern 

Life cycles 



Biodemographic 
models 



Measure 



Biqenergetic 
models 

Biogeochemical 
models 



Conservation of 
species or of 
genetiq 
information 
Conservation of 
energy 

Conservation of 
mass 



Energy'^ow 
circuits 
Element ^ 
cycles 



Numbers of 
individuals or 
of species 

Energy 
power 
Mass of 
elemental 
matter 



. Fisheries management models usually belong to 
the class of biodemographic models, as they are 
concerned with particular species and the processes 

• Jihat affect their numbers, such as birth, death,' har- 
vesting, and competition. Bioenergetic models are 

^ concerned with energy-flow, ener-gy-storage, and 
• energy-dissipation processes simultaneously cou- 
phng ecological and en vironmental components . 
MAst water quality engineering models fall into 

• the category of biogeochemical models. They em- 
ploy the principle of conservation of mass to de- 
termine the distributions of dissolved oxygen, 

. nutriehts, and biomass by the coupling of hydrody- 
namic transport' and biochemical transformation 
preces^s. The remainder of the discussion y^ill be 
concerned with'biogeochemical mdbels as applied to 
water quality control in estuaries. "-*v 

BIOGEQCHEMICAL WATER 
\ QUALITY MODELS . 

\ The hydrodynamic aspects of an estuary are the 
transport processes which include the advection, 
mixing, a'nd (lispersion of specific, con^ituents in 
waste effluents. In addition, these constituents are 
subjected to various transformation or reaction 
processes leading to their production and/or decay? 
Transport processes are relatively independent, or 
• at least insensitive, to the characteristics of the 
wastes introduced into a waterway. • The trans- 
formation processes, op the other hand, depend on ^ 
both the transport processes and on the interaction 
or coupling of iionstituents of the total waste load. 

The essential features of biogeochemical models 
niay be illustrated by considering the one- 
dimensional formulation in which cross-sectional 
areas, velocities, and concentrations are. functions 
of longitudinal distance^ x, and time, t. 



Advective Transpokt Processes 

In general, the transport processes are unsteady, 
therefore the advective terms which describe the 
flow field must be determined by simultaneous^ 
.solution of the continuity and momentum equa- 
tions. The goverhing equations for one-dimensional 
flow in a variable area channel are: 
• the continuity equation 

^ -53r ^ (1) 



and 



the longitudinal momentum equation 
-i^(AU) -f ^Iqu) - - gA-^ - g_Q 



Ql 



dp 
dx 



(2) 



where 

X 

t 
h 

q 
u 



A J« 
C « 



distance jdong longitudinal axis > 
tim^ 

elevation of water surface with respect 
to a horizontal datum 
cross-sectional discharge 
lateral inflow per tmit length of channel 
average cross-sectional velocity in the 
channel, = Q/A ^ 
acceleration of gravity 
cross-sectional area of channel < 
Chezy roughness coefficient - 
hydraulic radius of channel 
density of water 

distance from surface to centroid of the'* 
' cross section 



The last term in equation (2) represents the 
effect of a longitudinal density gradient. This term 
IS significant only within the salinity intrusion 
region of estuaries. Boundary conditions must be 
specified (either water surface elevation, h, or dis- 
charger Q) at the upstream and downstream sec- 
tions of the river or estuary being modeled. The 
solution of equations (1) and (2) can be obtmned 
numerically By means of finite-difference sche^s 
as described by Harleman and Leer^ The solution 
requires the Specification of initial coifditiohs for h 
and Q and advances in time in accordance withlthe 
values of the time varying boundary conditions 

Conservation of Mass . ^ 

, The basic components of biogeochemical watet 
quality models are statements of conservation of 
mass. Essentially the model consists of a sequence 
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of conservation •of mass equations, one for each 
water quality constituent. » 

The one-diihensional. co;iservation of mSss equa- 
tion may be written in the following form: 



a (AC)+-|-(QC) 



at 



where 



3x , 



dx 



dC 
3.x 



P P 



(3) 



water quality 
over the cross 



concentration of a 
constituent (averaged 
section) 

longitudinal dispersion coefficient j 
time rate of internal addition of mass o! 
substan^ce C per unit volume by transfor- 
mation ^r reaction processes 
time rate of e3f ternal addition of mass of 
substande C per unit volume by addition 
of sub*tince across the lateral, free sur- 
face anq bottom boundaries of the sys- 
tem. 



In equation (4). the last term represents a source 
of the external type. i.e.. the net rate at whii^r heat 
is transferred across the water surface j?y the com. 
bined processes of Ibng-and short-wave radiation, 
evaporation, and convection. ' • ^ 

Examples of the simultaneous solution of equa- 
tions (1). (2)*. and (4) to find.T = ffx.t) using nu- 
merical techniques are given by Harleman. Brocard 
and Najarian.*' In rivers and in the^iniform density 
portion of estuaries (not including the salinhy intru- 
sion region), the longitudinal dispersionnerm in 
equations (3) and (4) is of secondary importance. ^ 
Values of the longitudinal dispersion C9efficient in 
rivers and estuaries ^may be estimated on t^e basis 
of the work of Holley. Harleman. and Fischer. ^ 

In estuaries where salinity intrusion occurs, long- 
itudinal dispersion becomes an important factor in 
the overall mixing process. TKs is due to the gravi- 
tational circulation induced by the freshw^ter- 
seawater density difference. The conservation 
equation for salinity is given by: 



The hydrodynariic variables Q or U, and h or 
obtained by solution of equations (1) and (2) are 
basic inputs to thd transport terms on the left-hand 
side of equation k. The longitudinal mixing proc- 
ess is representeld by the first term on the right- 
hand side and th^ internal and external "sources or 
"sinks" of the p^ici^ar water quality constituent, 
represented by C. are contained in the l^t term. 

Many transf<*rmation processes are dependent on 
*the local tempferature (T) and/ir salinity {S) ot the 
water and it As convenient to (determine T - f (x.t), 
and S =. m,t) . as static variables- defining the 
water environment. The quanitity ecT represents 
the concentration of helt per uhit volume of water. 
TherefM^ with C = ecT, equaljion (3) can be^writ- 
ten as/conservation of heat equation: ■ ., 



-i-(AT)+ , 
at .3x 



_a_(QT)=lA_[^E, 



ax 



where 
' T 

b 



:RIC 



3 



aT]+ ib (4) 



ax 



pc 



_1_(Ash-4-"(QS)=-#-(aej4^1 (5) 



as 



at 



ax 



ax 



ax 



where 
S 



salinity . 
longitudinal dispersion coefficient in the 
saliiiity intrusion region 



Equation (5l is an example of a **conservative" 
conservation oE mass equation; in general, there are 
no internal or jxternal sources of salinity except at 
the ocean boui dary. Thatcher and Harleman^'* use 
numerical tech liques to solve .equations (1). {2\, and 
(5) to find S - f(x.t). They use a dispersion rela- 
tionship in which E^sis a function of the local long^- 
itudinal saJinit; r gradient and the degree of vertical 
mixing in tHe estuary. Applicafions to unsteady 
salinity distributions^ in the Hudson. Delaware, 
and Potomac rstuaries under time-varjang fresh- 
water ihflows £ re given. 



Transformation 

CBOD-DO I^QDELS 



' Histori<*ally 
sized the impcjrtan 
the primary in 
and most elenjentary 



= Water temperature 
= time rate of net heat input per unit area 

of water surface 
' = water surface width 
- (density) (specific hek of water) 



process, 



withii 



models, is the 
oxy gen-^deman d 
its origin in tlie 
and Phelps be^] 
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water quality models have jempha- 
rtance'of dissolved oxygeH (DO) as 
icator of water quality. The earliest 
itary example of a transformation 
„ the framework of biogeochemical 
concept of carbonaceous biochemical 
1 tCBOD). This elass of models, has 
3 /Water quality studies oj Streeter 
^lining^bout 1925. The coupling be- 
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tween thfe §et of col^^rvation of mass equations for 
CBOD and DO is illustrated by the following forms 
of equation (3) : 

CJonservationotCBOD: . 
.where 



--a^(AL)+. 

at 



^ dx ax ^ 

' - K.AL- 



(6). 



where 



K, 



- ultimate carbonaceous bioclfernicAl oxy- 
gen demand (CBOD) 
= CBOD decay coefficlfint , 



Conservation of DO: • 



at 



[A(DO)] + [Q (DO)] = _A [AE, 9 (DO) , 



dx 



where 

. DO = 
DO. = 



+ K^.[Dd- DO] {7) 



concentration of dissolved oxyge'i 
saturation concentration of di^olved 
oxygen 

surface reaeration coefficient 



The elementary-coupling arises from the fact tftat 
the solution of^quation (6), L - f(x,t), appears 
equation (7) as theinternal decay term for dissolvtx* 
oxygen. Dailey apd Harleman « have developed* 
numerical methods for siipultaneous solutiorTof^ 
equations (l)i^(2), (4), (5), (6), and (7) in estuarine 
networks of one-dimensional chai^nels. 

The fundamentar limitations of the CBOD - DO 
class of models are v^eW known and will not dis- 
cussed in detail. It is sufficient to say that !t is 
essentially impossible toaggrej^ate biogeochemic^l 
transformation processes . within the concept of 
CBOD as primary water quality constituent. In 
addStion, dissolved oxygen is not a sufficient water 
quality indicator in that it provides no infoi-mation 
ori the state of eutrophication and the possibility of 
algal-blooms. 

The application of modern waste ti-eatment tech- 
nology jlemands decisions on the removal of inor- 
ganic rjutrientsrf in addition to the conventional 
removal of oxygen-demanding organic materials. 
The qi^tions of what to remove^and how much to 



remove are fundamental to intelligent design and 
investment decisions, on the treatment of wastes 
prior to discharge into an\idjacent river or estuary. 
These questions can only be answered by water 
^q ual^ity models that are capable of predicting the 
^^Ifical response of tha waterway to increased 
levels of treatment. It, is clear that future research 
efforts in water quality modeling and field data col 
lection should be directed to the modeling of trans-, 
formation processes within the element cycles of an 
aquatic ecosystem. 

Transformation Processes 
'Nutrient Models 

Current efforts in water quality modeling are 
attempting to deal with problems of eutrophication 
. by assuming that aquatic ecosystems are composed 
of coupled conservation o* mass equations (Quin- 
' lan).^ A one-dimensional, real-time, biogeochemical 
model for an aerobic, nitrogen-limited estuarine 
ecosystem subject to domestic sewage loadings has 
been developed by Najarian.' The proposed 
estuarine water quality model attempts to- follow 
the path taken by nitrogenous nutrients (in their 
various forms) based on the present knowledge of 
element cycles in aquatic ecosystems. In contrast to ^ 
the simple CBOIi - DO model, the nitrcgen model 
represents varirus forms of organic apd inorganic 
nitrogen which are the potential sources *of eutfo- 
phic activity. 

The dynamic estuarine nitrogeh dycle model con- 
sists of a closed matter flow loop having seven 
storage variables and twelve transformations of the 
^.element nitrogen from one storage form to another 
as shown in Figure 1. The chosen storage and trans- 
formation processes represent pliysical, chemical, 
and biological forms qf hitrogen. The hypothesized 
structure pf the model is sophisticated enough to 
^imulate nitfogen-limited ecosystenf dynamics, yei 
\it is simple enough to be amenable to computations. 
The seven storage, variables include ammonia-N, 
ytrite-N, nitrate-N, phyt^pl^nkton-N, zooplank-- 
<ki-N, particulate organic-N, and dissolved or- 
gabic»N. 'The biochemical and ecological transfor- 
m^iions^ include nitrification, uptake of inorganic 
nutruents by ^autotrophs, grazing of heterotrophs,- 
amnionia regeneration l)y living cellst lysis and 
leakabe of organic matter througlfceH wall^ natu- 
ral d^th of.microorganiems and ammonification. 
The transformation rates are functions of nutrient 
concentrations and Available energy in the form of 
heat^nd light. 

To Explore the dynamics of the closed nitrogen 
elemeJ^t cycle the proposed seven^ariable model is 
appjiet^ to^the batch or chemostaf^y^tem skown in 
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^ Figure l . — Nitro^j: cycle structure in aerobic aquatic ecosystems. 

Figure 2. The set of seven roa^s Qonsei-^P* equa- - dN^ ^ ^ N,N^ 

tions for the chejnostat, obtained from equation (3) k,+N, K,+N, 

(with dCia-x. = 0) are listed below.-The assumed ' . 

expressionsfor each of.thetransformatipn rates are * -aK;, + K„-ftt47'.i^4 

shown on the soTid arrows in Figure 1. The dotted _ (q/v) (N^.'f n,) 
lines indicate the information transfer necessary to 
. determine the rates of matter flow's. 



-R, 



n;n, 



(11) 



dt 

^' ' -Rm^fSt +(Q/V)(N°,-N,) ' 
K,+N,' 



dt Kj+N, 



dN^ 
~d^ 

dN 
dt 



= R,>I, - R^N, + (Q/V)'(N%-N,) 



(8) 

> 



(9) 



= R,>i^ - R« ^^'^ (N° -N3) (10) 



_ ((3A() (N° -N5) • 

t^ = RJ«I,+R„N,-R„N. 
dt 

- • + (qA^) (N°.-n.) 

' i^L = R„N, + R„N.-R„N, 
dt . • ' " 

+ (QA^) (NS-N,) • 



(12) 



(13) 



. (14) 
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N, = 

N, = 

N, = 

N, = 

N. = 

N. . = 



'7^ 



INPUT 
Cone. 



2 

L,0 













« 









1 2* 3 4 5 6 7 





output 

Flow : 
Cone, t 




Q = 0 Boundaries Closed to matter flow- 
Q / 0 Boundaries Open to matter flow 

. FiGUSE 2. - Batch and chemostat systems. 



Where , 



J 



5 " 

Q = 
V = 



concentration of NHg — N, mg/1 
concentration of NQ^ — N, mg/l 
concentration of NO^ — N, mg/1 
concentration of phjrtoplankton-N, mg/1 
concentration of zooplankton-N, mg/1 
concentration of particulate organic-N, 
' mg/1 ^ 

= concentration of dissolved organic-N, 
mg/1 

= concentration of ith nitrogen-cycle stor- 
age variable in the 'influent discharge, 
mg/l (i = 1,2, ...7) ' 
= half saturation constant for NH3-N, mg/1 
= half saturation constantlor NO3-N, mg/t 
= half saturation constant for phyto.^K, 
mg/1 ^ 

transformation rate from ith storage 
variable to jth sWage variable, 1/day 
rate of inflow and/pr outflow, ftVday 
volunfie of the container, ft* 



-every positive internal source term there exists an 
identical negative intiernal sink term in the set of 
.system equations. This reciprocity of the source/ 
sink terms ia( in accord with the principle of mass' 
conservation applied to'a closed-loop element cycle. 

The expressions which describe the rat6 of trans- 
formation processes are of two types: first order 

reaction kinetics in^ the form of ^* 



dt 



= RyNj or sat- 



uration kinetics in the form of a hyperbolic expres- 
Data in the literature show 



sion — ^ =':Ry 



dt 



N.N, 



Equations (8).- (14) are applicable to batch and 
chemostat systems. However, the, exferifal source 
terms (Q/y) (N^Nj) are zero in batch systems, the 
analysis of the system equations reveals that the 
formulated structure of the nitrogen-cycle model is 
axlosed mat^r flow loop with no leaks. Indeed, for 



that transformation rates that relate to nutrient 
uptake by j)i*imary producers or predators usually 
follow saturation kinetics. These process rates are 
all temper^^e-dependent. Uptake^ rates also vary 
with the intensity of solar radiation. . , 

BATCH SYSTEM ' 

iFhe response behavior of the nitrogen cycle in a 
batch system is determined by (a) the initial con- 
^centrations of the storage variables and, (b) the 
(fvassumed transformation rate paramefersl^ /it all 
timfes the total amount of nitrogen in the system is 
equal to the sum of initial concentrations of ele- 
mental nitrogen in its various storages, i.e., 
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where N, = concentrations of nitrogen-cycle 
storage variable^ jCfany time t, mg/1 
s= initial conqentrations of nitro- 
• gen-cycle storage Variables at time 
^ t=0^g/l . . 

the constraint equation U5) implies that the Q 
"term m the system governing equations is equal to 
zero. ^. - 

The response analysis of the nitrogen model in a 
batch system is shown in Figure 3. The analysis 
reveals that the structured model exhibits a limit- 
cycle behavior. Such a behavior is characterized by 
inherent undamped oscillations in the cycle. These 
sustained oscillations are the. result of the assumed 
hyperbolic expressions for the uptake of nutrients 
by the biota. Quinlan (1975) discusses in detail the 



response characteristics of structures that assume 
quadratic or linear expressions for ecological pro- - 
cess rates. Rate-governing parameters used in 
equations (8) - (14) are given in Table 2. These 
yalues ar^withiirthe range of yalues reported in 
the literature. 

Tabic 2.— Transformation rate parameters. 



Ri2 = o 

R« r 0. 



20/day 

,0/day (light hWs); 0.10 (dark hours) 
25/day 

0/day (light hours); O.OSIdarkhours) » 
01/day 

07/3ay {\\ghi hours); 1.50 (dark hours) 
,03/day 
,03/day 
R^j = O.bl/day 
l4 = 0.10/day 
= 0.30/day* 
Kj^ = 0,30/day 

Kj = 0.3ppm-N ' - 

K3 » OJppmtN 

= 0.5ppm>N V 
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FIGURE S.^Umit^de response of aJjat^h system with closed boundaries^ = 0) (1-NH,-N; 2.N0,-N; 3-N0,.N; A^?hyio-fT; = 

5-Zoopl-N; 6-Part. Organic-hr; 7-D&V. Organic-N)., ' 
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Figure 2 shows the chemostat system with mass 
transfer across the physical boundaries of the sys- 
tem..Th'e mass conservation principle requires that 
the following constraint equation be satisfied: 



i N.<t)=. i Nr+ f 'i [N° 
1=1 i=i i=i ' ' , 



-N,(t)] Qdt 
V 



(16)- 



■ r 



The response analysis of the nitrogeji cycle in a 
chemostat system is shown in Figures 4 and 5. 
These analyses reveal additional system structure 
characteristics: 



(i) 



(ii) 



When elemental nitrogen In one or more 
of i^s storage fornis is^ continuously added 
' and removed from the chemostat, the 
limit-cycle behavior disappears aiid a 
damped oscillation develops. Figure* 4. 
shows the response of the chemostat with 
identical 'system rate transformation 
parameters as for the batch system shown 
in- Figure 3. Tfhe residence time of the 
system is assumed to be 15 days, i.e., V/Q 

The forced damping of the chemostat 
system oscillations is dependent on the 
niagnitude of the assumed ;iiodulating 
parameters. If the half saturation con- 
centrations K„ Kg and K, are reduced to 
50 percent of their originally assumed 
values, a new dynamic response of the 
.system is observed as shown in Figure 5. . . 
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FIGUBE 5. -Dynamic response of a chemosUt system with open boundaries (I-NH3-N; 3-NO3-N; 4-Phyto-N; 5-Zoopl-N); = 0.15; 

K3=:0.35; K4 = 0.2§, 



POTOMAC ESTUARY 

The most dramatic evidence of the effect of phys- 
ical factors on water quality comes from the appli- 
cation of the nitrogen cycle model to an actual^ 
estuary. The tidal motion and longitudinal mixing 
processes in an estuary are highly variable both in 
time and space; in addition, the diurnal light-dark 
cycle is out of phase ^th the lunar tidal pycle. 
Nftjarian and Harleman* have demonstrated the 
application of the nitrogen cycle model to the 
Potomac Estuary from the head of the tide near 
Chain Bridge to the junction with Chesapeake Bay, 
a distance of 114 miles. A period of 19 tidal cycles 
(about 10 days) was chosen for the simulation run. 
Waste treatment , plant loadings in the \ipper 30 
miles of the ^tuary were included, the major con- 
. tribution being the Blue Plains waste treatment 
facility. The model calculates the tidal i^ption by 
means of the contihuity and momentum equations, 
(1) and {2). Temperature and salinity can be deter- 
mined from equations (4) ajid (5) and coupled' to ^e 
seven nitrogen conservation of mass equations in 



the form of equation (3). Time steps of the order of 
30 minutes were used for the calculations with 
spatial increments ranging from 1,000 to 10,000 feet 

inlervgth. ' . ui 

Time histories of the seven nitrogen variables 
during the 10-day run are shown {n Figures 6, 7, 
and 8 at a location 2L miles below the Blue Plains^ 
waste treatment facility. Of interest is the large 
variability of many of the water quality parameters 
within a tidal period. This characteristic, which re- 
sult3 from a coupling of the hydrpdynamic tpans- 
port and the biochemical transformations, suggests 
that a re-evaluation of traditional estuarine field 
data coUection techniques is necessary. More atten- 
'tion must be given, to detemuning the temporal 
variations of cons£ituents at fixed locations. 

Obviously much more is known ^boiit hydrody- 
namic transport processes than is known about bio- 
chemical processes. Because of this it is important 
that water quality models incorporate correct 
transport processes so as to avoid obscuring further 
understanding^ the complex J)iochemical trans- 
formations. 
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DISCUSSION 

• ' . • • 

Chairman Ballentine: Who prepared the bio- 
chemical models that you presented here? Is this 
another member of your team at MIT? 

Dr. Hflrieman: Yes. Fm very sorry that I didn't 
verbally acknowledge the important contribution of 
two of my students. Dr. Alician Quinlan did much of" 
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Figure 7. -Phyto-N and Zoopl-N variations 2 miles diopvnsCream of Blue Plains, July 15-24, 1969. 



the fundamental, work relating to the structure of 
this type of modeling and the sensitivity and Sys- 
tem responses as a function of the parameter rela- 
tionships. ^ 

AnothfeV student, TaVit-Najarian, has taken this 
general structure and applied it to some of the 
estuarine processes that I have shown. They are 
both Ph.D. theses and are available as technical 
reports of the Ralph M. Parsons Laboratory at 
MIT. 

-Chairman Ballentine: You made some comments 
concerning the problems of monitoring. From a 
practical viewpoint; do you believe that, for in- 
stance, ^lack water type monitoring is still superior 
to other types, or what would you suggest? 

Dr. Harleman: I woiild prefer to see a much more 
concentrated effort at looking at the time varia- 
bility of parameters at fixed locations. I would be 
.willing to accept a piore limited spatial distribution 
in fayor of temporal definition. Observations at 
fixed locations should be made at least, during a 
tidal cycle; from one slack to the next. I would very 
much like to we and encourage the, approach of 
looking at the variability at fixed stations, because I 



do not think it possible in these nonlinear systeriis 
to account for these effects by translation or other 
approximations of the tidal flow: When you put the 
same rate constants into the biochenfical models 
and' approximate the flow by a freshwater dis- 
i^harge which eliminates the tidal reversals, the re- 
sults are quite different. / 

So that if you fit the data you Would end up with 
different fitting constants, but it's the same process 
going on. 

Chairimn Ballentlile: Just to foster some discus- 
sion here, I know that much of Dr. O'Connor's data 
in New York Harbor were collected by the Depart- 
ment of Public Works. They would get their boat 
out pnce a day and go down the river' and collect 
samples in a grab fashion. Is that cortect? 

Dr. O'Connor: Yes. 

Chairman Ballentine:'So you have to work pretty 
much with average values? 

Dr. O'Connor: Yes. On the New York Harbor we 
did that over a good portion of the summer period ^ 
when the assumed' studies existed, so they did that ' 
maybe for 2 or 3 months 'for a recent studTs^ hydro- 
graph of the Hudson, They took various ^ints in 
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Figure 8. - Part . Organic-N aild Dissolved Organic-N at 2 miles downstream of Blue Plains. July 15-2^, 1969. 



tlie tidal curve by doing "a random collection. So, I 
assume the average there was a mean-tide condi- 
tion. 

I hdve mixed feelings about Dr. Harleman's sug- 
gestion, ril just make one point. 1 tJertainly see 
what you're getting at/but Td like to look at that 
more critically. 

My greatest coivern, of course, is the practical 
im^ac^t this has on collecting field data* I think 
we re getting overloaded in what we're asking for, 
^nd n^w we're asking for additiohal data, which 
might start to break the back, so to speak. ^ 

Dr. ''Harieman: I'm not necessarily asking for 
additional data. Spend the same amount of money 
on collecting data and give up the practice of run- 



ning a boat up and down-the estuary. Concentrate 
on a smaller number of spatial points, but more de- 
r tailed coverage in time. 

Dr. O'Connor: It's getting back to the old prob- 
lem. It*s a two- or three-dimensional time variable 
problem, so it depends on how one looks at it, or 
what one abstracts from it; it depends on what way 
he thinks is most meaningful to look at. 

Chaimi9n Ballentine: Is,, this one of the oceanp- 
graphic approaches where they sit on station? 

Dr. O'Connor: Yes. By contrast to what we had. 

Chairman Ballentine: This is where you race the 
slack upstream? 
,Dr.O!Connor:Tes. 
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Through the medium of this symposium, we are 
all asked to assist the Environmental Protectton 
Agency jn **. . . defining sthe concept of Vater 
iiltegrity in its " various .forms."^ The stated 
. . purpose &f the Sy?hp<^ium is to address the 
issues ieiqtiired=-by -Section 304(a) (2) (A) and (B)" 
which, I believe, refally means addressing the issue 
TOsed by the policy declaration of Sectfon 101 of the 
Act, since Section 304 neither requires nor poses an 
issue; but rather seeks inform^ltion. Further, each 
presenter is requested to address the problem 
associated with his topic, drawing upon his back- 
'fgrouiwl ^d perspective. 

ForWy assigned topic— the one word channeliza^- 
tion-no other guidance by the EPA was offered as 
to how I should handle it. This is commendable, of 
course, but with the latitude it provides^ me goes a 
special responsibility. Certainly it has been ^n 
issue, certainly a problem as well. But the two 
terms, issue and problem, are often used inter- 
changeably and inaccurately. In my research back- 
ground, and in discussing research assignments 
with others, I have frequently found it necessary t^ \ 
call attention to an important difference between, 
the two terms. i . * ' 

Research seeks or ought to seek, the solution to a 
problem and is, or should b^, detached from pro- 
cesses for the resoFcrfion of issues. If it is not so de- 
tached, research is inescapably drawn into taking a 
position on a question, often a vital question for 
debate-which defines an is$ue. It is therefore not 
. research and should go 'by another name. Still, re- 
search may illuminate an issue and contribute to^ts 
resolution by placing the problem in perspective. I 
intend to keep my remarks problem-oriented, 
which is to say subordinate^to other perfectly valid 
-indeed essential -processes in a demck:ratic 

society. , 

As for the meaning of "the integrity of water." I 
have heard it expressed variously here in the past 
24 hours. For example, "only pristine waters 
possess integrity"; "integral systems-good or bad 
-Whatever the changing state over time ; back- 
ground condition as a reference point"; and^ ' not a 
concept meaning return to a previous state. I have 
also heard "try to improve it. but at least keepiit 



the way you find it"- which is really more an 
approach than a definition. Finally, it is said to be a 
philosophical and moral question...v. 

Setting aside these concepts for thfe moment, 1 
would pose four questions, attempt to provide some 
answers, then return to tjie concept of integrity an<(^ 
try to relate it to channelization. . \ 

The four questions are: (1) What exactly is chan- 
nelization? (2) What has been the extent of its appli- 
cations? (3) What have been its observed physical 
effects on navigable waters, ground water waters ' 
of the contiguous zone,' and the oceans? (4) What 
have beeh its observed physical effects on fish and 
wildRfe ahd on recreational activities? 

The inclusive term channelization -sometimes 
called channel improvement, alteration, or modifi- 
cation -can mean variously the straightening,, 
widening, deepening, lining, clearing, dredging, 
re-directing, creating, or re-creating of water- 
courses. These are all essentially -hydraulic en- 
gineering techniques that can be applied- singly 
'-or in combinations, together or in tandem, in mod- 
' erate or substantial scale. All are more or less self- 
explanatory, but there are differences or degrees of 
application. . 

Straightening a watercourse, for example, may 
involve slight realignment of a single curvature or • 
pronounced departure from the course of flow at an 
upstream point to reconnection several miles .down- 
stream -sometimes called a "floodway." Widerang 
or deepening a natural alignment may increase ^ 
cross-sectional dimensions by 2 or 3 feet to 100 feet 
or more. Lining, if any,jmay be with grass-type 
vegetationT often producing what is called -a 
"grassed spillway," by gravel, rock-emplaced np- 
rapping. bank stabUizing revetments of steel or 
timber, or poured concrete; all of a trapezoidal 
design configuration to smooth channel beds and 
provide channel banks of varying slppe. from verti- 
cal to relatively horizontal. Such designs often pro- 
vide a "notched" channel bed or "pilot" channel 
intended to maintain very low but continuous flows 
within a confined trough of the larger channel 
dimensions. > 

Clearhig, snagging, or dredging is designed^to 
remove obstructions to flow in the watercourse. 
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This can mean the cutting 'of trees and brus| from 
channel beds and banks, and sometimes 'from a 
wide right-of-way on either side as well, tp accom- 
. modate placement^ and spreading of excavated ^ 
dredged "spoil" material. Early worksSjieitH^ 
spread. nor reseeded spoil banks. Mbre recently, 
where dredged material s a problem, rights-of-way 
havp been contoured and quickly revegetated. The 
1* removal of sediment, sand or gravel bars, large- 

boulders, timber, constricting bridges, and old 
dams is another feature of clearing. 

Redirecting or creating a new watercourse may 
involve the placement of' jacks or 'jetty fields to 
induce the aggradation or deposition of sedimen- 
. tary materials in desired configyrations- again, to 
alter flow patterns similar to modehta straight- 
ening. Natural stream flow then does the work of 
channel alteration. It may. however, involve cut- 
ting an entirely new watercourse from an upstream 
point of departure to an entirely different outlet, 
juch as in a lake or estuary. This. is sometimes ' 
, called a •*cut-off." Finally, re-creating a water- 
course may mean restoring the flow capacity to 
, either a partially or totally clogged drainage ditch 
or. canal, usually occasioned by poor €)riginal design 
relative to soil conditions or to poor maintenance of ' 
complete works resulting in heavy siltation and 
^ vegetation. 

_ ^ Tl^e building of levee§ in flood plains some dis- 
tance away from the normal channel alignment - 
^ which is left physically undisturbed— is a form of 
channelization, as is the stair-step series of low 
dams and locks which provide shallow draft com- 
mercial or recreational navigation. Levees infre- 
- quently cause flow alteration, whil^ navigation sys- 
• tems constitute essentially permanent alteration. to 
^ the flow regime. Neither is customarily grouped 
within the popular term **channelizatioi}." The 
recent EPA guidelines give navigational channeling 
the prominence it deserves, but which has long 
been neglected.. 

The extent of the applications of these several 
techniques is extremely variable, geographically. 
" : and by watercourse. Taking the broadest view and " 
bearing in mind the integrity of , water definition, it 
can be said that «ie .major arteries of the vast 
Mississippi drainage system have been channelized 
-from New Orleans to Knoxville, Tenn.. to Pitts- 
burgh and beyond, to Chicago, to Minneapolis, to 
Sioux City. Iowa, and to the border of Oklahoma, 
touching pr reaching into 19 states in one con- 
tinuous system. Except where only "maintenance ' 
dredging"' is carried out on the lower Missouri and 
Mississippi Rivers, all of this type of channelization 
constitutes permanent impairment, a point of no 
f return, decidedly not in "correspondence with an 



original condition." * ^ ^ ^ ' " 

This is an extreme-view, to be sure. At the^other 
extreme, statistical *data .as of mid-1971 . |and it 
seems unlikely that the data are r^iarkedly different 
now), reveal that -the^ average -or I might say 
typical -applic^ion *h2^ been in combinations- of 
straightening, widening, deepening, clearing, and - 
lining of 5.2-mile . segments^ of minor tributary 
streams, brook^.- and unnamed ' legal "or county 
d^aih3.^ typically^ small watercourses with ^ven- 
nial. intermittent seasonal, or no measurable flow 
patterns. I say ^erage or typical based upOn k sta- 
tistical analysis of 1>630 completed and planned 
applications' classified by the unfortunate t?rm^ 
•*channel improvements." My average^erives from 
6.969 miles ofn^ompleted works. About 20.000 miles 
ol additional works-20.000 additional linear miles 
-were planned at tliat-time. The > median 'project 
size- for complete and n|anned applications was 
about 4 miles. More tHai/SO percent of completed 
works were concentrated \l0 southern states. 

Let me hasten to add-l4t it'appej^ that I am 
implying a physical sighificance to some programs 
that have received little attention and a physical 
insignificance to others that have received much 
, attention, that between these extremes there have 
been important and widespread applications of 
channelization ta.lar^r watercourses and legally- 
defined navigable waters. I cite the extremes in 
the context of our deliberations^ on the concept of > 
integrity of water. If. as a practical matter, the • 
legislative interest jcannot be allowed to extend to 
restoring and maintaining the unimpaired and 
urimarred int^igrft^ ol some 3.700 miles of the 
impounded Mississippi transportation system, can 
this legislative interest logically extfend^ again as a 
practical matter, to additional thousandig of miles of 
unnamed tributaries and local "court." "county." 
•legal, or **district" drains, the rehabilitation of ' 
which constitutes a sizable ifortion of channelization 
applications? In my own r&ther through study of 
2.300 miles of channel modificatipns s?elected for me 
to study as a more or less ran^Mii but representa- 
tive sample. 1 found that in 48.8 percent of the cases 
a combination of techniques was applied to drainage 
ditch rehabilitation., ^ ^ 
- Turning to the third and fourth' of my questions, 
the situations between the extremes just described ; 
have been^he most studied and observed and are 
the most revealing^ of jftiysical effects. Again.. J 
would hasten to add that, without question, all situ- 
ations demonstrate some physical changes that 
bear in some way on the mtegrity of water concept. . • 

Two comments to th^pliysical effects questions 
seem in order. First, you Jpay have observed that I 
have thus far used the t^rm "watercourse" when I 
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might have said stream &c river. This was deliber- 
.ate— to distinguish natural Abater systems, Qn the 
one Kand, from those water systems, on the'olher, 
that have npt been natural or untouched for a long^ 
time and, indeed, those that did not exist before* 
one or more of the applications dej5cribed ^i^me 1 
about. I suppose that, in terms of our integrity 
iiiquiry here, the questions this distinction raises 
^are: how far does navigability ej^tend and how is 
the contiguous zone defined? « 

The second comment: it is very difficult to distin- 
gjjtfsh where physical effects leave off and chemical-* 
anFbiologieal effects^come into the picture. Where 
' is UiTaWding line or^transition point? D?.* Patrick 
and I had occasion^ to Nestle over this ques- 
' tion— figuratively speaking, of Qourse— when we 
wpre trying lo sort out our respective responsibil- 
ities on an assignment for the CEQ ^ome^ime ago. I 
will try to observe here the distinctions drawn at 
thatlbime. Thus, I will deal with (1) ratps of flow, (2) • 
volulnes of flow, (3) contents of flow, (4) distances, 
(5) temperatures, (6) light, and (7) habitat. . 

One could visualize a three-dimensional matrix, 
which would portray the relationships between 
these physical factors^ against (a) those types of 
applications— clearing, realigning, and so forth, 
described earlier, and (b) those popularized but 
complex eftects called wetland drainage, cut-off 
meanders, groundwater diminution and recharge, 
erosion and sedimentation, downstream effects*, 
and aesthetic values. Such a portrayal is quite 
impossible to present in an organized fashion. 

Instead, suppose >ye hypothesize a typical situa- 
tion between the water system extt'emes that I 
have described. Say it's a 30-mUe channeling job to 
a natiiral stream whose integrity or virginity has 
not yet been suxrendered or compromised, so to 
3peak. 9S?y further that the stream has some peren- 
nial .^ow (not a normally dry creek bed), a varied 
bankside habitat (not a terrestrial system devoid of 
vegetation), and a "natural" quality' of water (not a 
* .biolo'gically dead or grossly polluted aquatic habi- 
tat). Say further that the iqtendeW purposes of this 
job are to drain excessively wet biit potentially pro- 
ductive farm tands in upper reaches and to protect 
an urban community against flood waters in lower 
reaches. Say, finally, that some of all the applica- 
tions of techniques of channelization are to be 
carried out. What isffects may be expected^ with 
some assurance? - ' - 

The answers can be quite brief and will come as 
no surprise. There are surprises once one begins to 
deal with the data relative to the idealized model 
against which you're^ testing the data. First^ the 
clearing, snagging, and removal of bankside vege- 
tation and instream obstructions from an upstr^aip 



segment' wiirtend to increase both the volume and 
rate pf streaniflow, for a number of reasons, includ- 
ing reduced ev^po-transpiration, liigher ^sxurface 
runolfe . freer flow cMii^eyance passage, ^^bigher 
groundV^ater transmissibility rates, and mojfe rapid 

. snow-melt. At the same time,, higher \qjgim\d§ will 
tend to increase- ^anH storage of ground water. 
Contents of the ffow will be altered in at Ij&^i^ two 
ways-^more suspended sedimeftts due to higher 
surface* runoff rates but less oxygen-demanding 
biodegradable or **badcground" matlgrial entering; * 

' the water frqm leaves and other droppings. Wat^ 
temperatures- will be raised by the direct rays of ^ 
the sun (there's less canopy Over the" water from 
trees), but lo.wer^d By the entry of more ground 
water. More light on4he water will Uter photosyn- 
thetic processes, but perhaps unpredfct^ly. ter- 
restrial habitat for specfes that se|ktrees and wet - 
ground, will b6 reduced; that fof^^ies seeking 
brush, grasses, and dry ground will J>l increased. 
Aquatic species seeking pooll, riffles, and shade 
will fifid less of such habitat; those species seeking 
warmer waters, more oxygen,- an4-freer'passAge 
upstream will find these. ^ ^ , V, - ^ 

Next, the widening, deepening, and straighten- 
ing of a middle segriient of 'this natural strelim 
(which, incidentally,, will require similar clearing, 
snagging, and removal of obstruction but in larger 
dimensions and to fecconmiodate ^construction 
activities) will hav^ those effects described above 
and others. :^tes and v<ftumes of flow vrill increase 
further; waters will contaui Aiore suspended mate- 
rial and some will deposit as ))ed-load sand bars 
despite higher velocities generally; temperatures 

^ and light intensity v^oll rise further; an^ ihere vnSi 
be less of some^kinds of habitat tsLwbref^ by some 
terrestrial and^aqiiatic species and mope of other 
kinds favored by other. species. Moreover, as soil 
conditions ,are found fefbe unusually erosive in this 
hypothesized instande, graveled and ' rip-rapppd 
bank stabilization iiyparts ot the segment will leave , 
no habitat. In other paj'te, moderately sipped banks 
«will prove too steep to/silow reseeding immediately 
t<rtake root Suring: hiavy rainSjA;i,tTesult, sedi- 

^ mentation is tracedxiotfrnstirear^ybnd the 30-mite 
project, despite in-channel drop oi: stabilization 
structures. A ^more pronoSnced' pliysical'^ effect 
occurs when a.wide-sv*|peping meander oxbow is 
cut off by a straight channel section. While in- 
tended that the cut-off natural ebannel is fb xon- 
tinue to receive and pass flows,, and ife baid<;pide 
habitat is untouched, the aggradeid s€^fdiment a?id 
channel s<Jour will conspire, to pjug the, entrance to 
fiTnd exitlrom the oxl^w and to - reduce .'the licfw 
channel b^idjs elevation befoW £he oxbow channel 
bed's eleven. Thus, a stagnant pool or bnyoifwill 
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be created. 

Next, the fld^ convey ^ce capacity in a thirid 
segment, below that just described, nipst be main- 
tained as designed by a concrete-lined channel ^iith 
vertical sides andrflat bottom, except for a* notched 
passageway in thd bed. This is occasioned by a con- 
stricted rigMi-of-Way through the urban area. The 
alignment is\not kltered, only the cross-sectional 
dimensions aVe widened and deepened^ Also, no 
clearing is necessaty, as no vegetation is present to 
clear. Tl^te channel is bounded on one side by a rail- 
road, on the other side by a street fronting assorted 
factory ^and warehouse buildings in varying stages 
of deterioration. T le stream gradient flattens out 
from the steeper upstream gradient of the vallej. A 
partia^y washed-oyt mill dam, behind whfch ia^a 
century's accumulation of assorted sludge, is tope 
removed. The effects here will* be substantially m- 
- creased rates and volumes of flow, a reduced con- 
centration of suspended materials, no change in 
temperature, light, or terrestrial habitat, and a 
total change in aquatic habitat froiji mixecj sludges, 
oils, and <ihemicals to spli^d concrete. A chain link 

, fence will bound the chanrfel, atop the retaining 
wall, OR both sides. Drain pipes will be designed tt) 
, maintain ground water in the contiguous zone at 
pre-project levels. ^ ^ 

Finally, just downstream of the channel job, the 
natural stream enters the headwaters of a large 
reservoir* created hy a dam 20 miles farther down- 
stream. Storage and release operations of the res- 
ervoir occasion daily and seasonal drawdowns, with 
fluctuations of up to 4 feet daily and 40 feet season-- 
ally.* Waterfowl abound in the headwaters region 
and sj)ort fishing conditions are excellent. The 
downstream effects of the channel job are also pre- 
dictable. To the extent that upstream changes are 
experienced, i.e., increase in volume of flow, ero-f 
sion and tfansport of suspen^ied materials, and 
higher temperatures,, these will be transferred to 
the lower reservoir. Rates of flow will drojg^to zero, 

^ light will be unchanged, .and terrestrial, habitat WiU 
remain unaltered. Sediment <leposition julhe reser- 
voir will totally alter lake bottdp aqjiatic habitat 
important to the fishery in the upper resei'voir 
reac^hes.. 

^ ^ What I nave described-ls a composite channeling 
job in the sen^that virtually all of the techniques 
are to b^ applied and to a fairly broad range of pre- 
project conditions or environmental settings. But it 
is more than that. It is in fact a set of-applications 
and settings which I observed and studied on one 
completed project in the field, the-physical effects 
of which I attempted to evaluate. 

For our purposes here, however, the description 
is incomplete, not so much in the recprding of appli- 



• cations of. techniques/but in the potftrayal of the 
range of settings in Which they ha vd been. applied 
jelsewhere. One could \:orrectiFiis by Substituting a 
number of descriptive phrases! Thesfe would range 
from richly varied swamp forest ecosystems, 
tlirough rolling prairie and high-country farm 
lands, to barren and semi-arid range lands. The soU 
conditions could range from highly erosive £o bed- 
rock ledge. The downstream deceiving waters could 
be a natural lake, swamp, inland river, coastal 
stream, or estuary. ^ . > . 

The descriptions are also incompletean two dif- 
ferent ways: Namely, the effectsLover time and the 
cumulative effects, which I fdel have been sub- 
stantially ignored. " 

By cumulative I mean not necessarUy upstream- 
downstream, but cumulative in tlie s^nse that these 
channeling applications may oct\Xr in 8 or Iff or 20 
projects in the same river basin and they, all con- 
verge on the downstream outlet. 

Clearly, whenever a natural stream system is 
tampered with a new ecosystem confro^its the-fish , 
and wildlife species th^t inhabit it a^id new associ* 
ations must be set in motion and established. 
Whether these are destructive or enhancing events 
can oilly be defined in-terms of individual or group 
V objectives. For example* it is one thing to describe 
a physical event stemming from chani/elization as a 
diminished rate of groundwater accretion or a loss 
of seasonal overflow to flood plain wetlands. These 
and other things do happen. It is another thing to^ 
record the induced changes to splecies numbers, 
productivity, and diver^y. It is stUl another to 
assert that these hapdenings are always good or 
always bad. ^ ? 

When it comes to the third in this progression of 
determinations, we enter the arena of policy, both 
legislative; and administrative. I could suggest ele- ' 
ments of administrative policy in the following man- 
ner. In the total water an^ related land system, 
from forested or arid uplands through waters pi the 
contiguous zone and navigable rivers to estuaries 
and the oceans, channelization seems at first not to 
jeopardize the integrity .of waters', then to jeopar- 
dize it severely, and then again not to do so as 
effects are dampened out in larger systems. In the* 
lojig process of hanrimering out administrative 
policy there is, I am ativised, evidence of a Willing- 
ness to accept the validity of drainage needs. Tl^e 
is also, I know from very recent experiertt^t a 
similar toleranj^f Willingness to accept the valid- 
ity of nonstnimiral flood plain management devices 
in lieu of^<j5{ructural means to convey floodwaters.^ 
Both are healthy and constructive signs. 

Still, administrative policy development seems 
confronted with a dUemma posed by legislative 
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policy. One declares a national policy—". ... to 
restore and maintain the physicaii, chemical and bio- 
logical integrity of the . . . waters" bee. 101, P.L. 
' 92 500) sTnd this is. prompted Jbly frustrations and 
impatience with two decades of disappointing water 
^ quality program performance. This decWiration fol- 
I lowed closely on the heels or, anpther national 
, policy—*'. ... to use all practicable means and 
measures ... in a manner calculated to foster and 
promote the general welfare, to create and main- 
tain conditions ifhder which map and nature can 
exist in productive harmony, and fulfill £he social, . 
economic and other requirements of present and 
future generations of Americans" (Sec. 101(a), P.L. 
. 91-190). . ' 
0 These two policy pronouncements Steem to con- 
verge with inconsistency on, the channelj^zation 
question. Perhaps, as a practical fnatter, the con- 
cept of nondegradatio^ may need to replace the 
concept of integrity if the deliberations hei^ are to 
produce sound and equitable results. / 

DISCUSSION , 

Conunent: Can Mr. Wilkinson detail the naturetif 
the controversy, briefl^ 
— Mr. Wilkinson: Could I detail the nature of the 
controversy? Well, in briefest essence, the pur- 
poses intended to be served by channelization are, 
as the EPA guidelines say in identifying them, flood' 
control ' and drainage of \vetlan4s. These are on 
agricultural lands; to either enhalice or restore the 
productivity of farjnlands and increase production 
of food and fiber. 

.Secondly, for flood protection or flood damage 
alleviation. Here the objective is again, essMtially. 
economic rather.than environmental, obviously. It^s 
to protect urban areas, or to protect against fre- 
quent flooding of farrrtlands, again, in agricultural 
regions. 

Finally, there is the recognition of a third major 
intended purpose of channeling, namely for naviga- 
tion. I guess the Tombigbee Project is a good exam- 
' le of that. ' 

I use the extreme example of a point of no re- 
turn -the vast, interior, heartland navigation sys- 
tem. So I tfiink, the two objectives, economic and 
environmental, come head on here and the contro- 
versy received quite a bit of attention when the 
Council on Environmental Quality decided to have a 
general assessment of channelization made. 

So, the nature of the controversy, the issue if you 
.will, is economic versus environmental. 

Comment: The last comment suggests perhaps 
that you equate integrity, for use administratively, 
with the idea of nondegradation to define integrity. 



121 



Could you elabo rate on that just a little bit? 

Mr. Wilkinscn: I don't understand all I know 
about the prin<iple of nondegradation which has 
been applied to air quality, but it seems that there 
the trend has b 3en to take a pre-exi^^ting ambient 
air quality or air quality condition and Then say we 
cah't do much about that. We can try to improve it; 
but let's accept that as it is, the baseline precondi- f 
tion, and not try to make all air pure everywhere, 
consistent with the principle of integrity, as we're 
trying to do with lit here. ' • 

Or the other was non-use. There has been ^ lot of 
administrative effort to define "where do we go 
from here" in air tquality, and this principle of non-. 
degradation of al pre-existmg situation or an air^ 
quality as it is noy( found has come to be accepted,"!*^ 
believe, as a poini^ oLJeparture and one might de- 
fine that as some; background condition, such as ^ 
integrity of water and integrity of air. . 

Comment: Then you would suggest that»thej 
existing physical integrity^ would be a ^pint of de-j 
parture*? , " / 

Mr. Wilkinson: That's right. j 

CommentrAnd put that into some kind of overall 
environmental assessment? ' 

Mr. Wilkinson: This is not to deny improvements 
in it, but it'«i in li6u of that impossible goal of going 
back to integrity as it's defined, say as correspohd- ' 
ence with an original condition. 

Comment: Are you putting any sigiiiiicance on 
the words "where attainable" in the Act? E^piecially 
when it says that in the Mississippi" systeni this 
\might not be attainable? \ 

Mr. Wilkinson: Right. It's a point of no returrL It , 
could be, it's) not an irreversible or irretrievaote 
situation. * * ' \ 

The people who write EnvironmenttS" Impact 
Statements, when they come to that section^ and 
I've written some myself, the irretrievable or 
irreversible; well, you can take a dani out, yoii can 
take a whole series of dams but. It's physically pos- 
sible, but hardly a realistic option. ' 

Comment: I'd like to make a couple of comments. 

First of all, I don't think your response is very 
good in reply to the question about what the contro- 
versy with the Council on Environmental Qualitj^ 
was all about. 

In the first place, you implied that it was eco- * 
nomic versus environment. That i^ only part of ij. 
The major charges that have been leveled against 
all of the channelization projects that have been 
done was that- they are using tax dollars to benefit a 
handful of land owners, to help them improve their 
pwn property at the cost of a natural resource. 

And, that certain channelization projects, in fact, 
benefited major industries. So there Is a lot mo^^e 
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than simply facing environment versus economics. 
Some^if the channelization projects were acfiially 
counter-productive in terms of controlling floods. 

Then I would just like to raise a question; you 
implied that channelization of our natural systems 
somehow could have benefits that, well, though it 
might hurt some organisms, ft might open up a 
channel so migratory fish could come up. I think 
that the scientific Evidence that has been brought 
out in statements before., the House Government 
Operations Committee runs sharply counter to 
that. 

In fact, at the hearing where you testified. Dr. 
Vannote, who testified along w^th you, said, I be- 
lieve with reference to our natural stream system, 
the evidence is so conclusive that channelization has 
just about totally grounded out the productive 
. capacity of the stream. 

And yet, you imply in your remarks today that it 
might help out, it 'might turn the stream into a bio- 
logical desert. And I suggest that one example of 
how bad the effects could be can be seen just by 
going south ^Jbout 65 miles to Gilbert's Run in 
Maryland and looking at what happened to a fine 
stream that hosted migratory fish. It has now been / 
totally wiped out to benefit a couple of land owners. / 

I just offer these remarks contrary to some of the^ 
things that you said. The issue of channelization is 
not over messing around with drainage ditches on 
streJams that don't flow. It has been with the de- 
struction of various. productive natural systems, 
hardwood swamp areas which are rich in fish and 
wil41iffe resources. / 

Mrf Willfinson: Evidence remains at issue-^Those 
are very good points. I'm sure that I could t^e you 
to channelization jobs that exemplify the ^extreme 
range of effects, andthose that didn't bei^efit just a 
handful of land owners, but a railroad ^hat didn't 
even get into the benefit cost calculatio 

I don't dispute that at all. I don't thfnk it's*quit 
fair of you to cite Robin Vannote's comment in t 
testimony. At this lecture that I cited at the ope^. 
ing of my remarks, Robin was\the/e too, and we 
had a little chat about our teswmony and that of 
'Ruth Patrick. We both realized /what had ioL be 
brought out at that time under the circumstances, 
to reflect the diversity of our findings in this field. 
, Chairman Ballentine: I have one ^question. Mr. 
Blackwell, would you categorize all channelization 
projects as bad? I wasn't clear on your coniment. 
There are bad aspects to almost any pro|ect. What 
kind of balancing test do you propose? , 

Comment: I just say thjit we are not worried 
about a lot otchannelization projects if there is not 
a resource presenjt that would be destroyed. The 
reason that channelization became an issue is the J 



fact that these projects were being car lied out with 
tax dollars to destroy important natural values. 

And for people to say that you s^y that .chanjieli: 
zation is wrong, per se; well, how are you supposed 
to answjer a question lik^ that? We wouldn't have 
any coiiplaints if there were not significant envi- 
ronmemal losses occurring. It's because of those 
losses that w^ call for major reforms in policies. 

And j/eft, the Soil Conservation Service, if you 
read the Environmental Impact Statement, is go|ng 
right ahead with about 1,500 miles of channelization 
listed fn the past 2 years in their Environmental Im- 
pact Statement filed with the Council on Environ- 
if|(ental Quality. 

I 4t)n't think the Agency has taken to heart the 
criticisms that have been brought. 
' Chairman Ballentine: Would you mind identifying 
tft^t report to the reporter? 
Comment: The Hearings of the House Govern- 
ent Operations Committee. There are six volumes 
If Hearings; it's the Subcommittee on (^nservalion 
rid Natural Resources. In those Hearings there are 
extensive bibliographies of related works. 

Comment: I would like to ^isk Mr. Wilkinson if in 
his investigation he got involved with the effects of 
the locks and daiiis on the Ohio and Upper Missis- 
sippi and other impoundments whicfh, in effect, cre- 
ated almost waste stabilization ponds in rivers 
which, I believe, may have a very great effect on 
digesting the pollutants of the stream and improv- 
ing water quality, plus or minus oxygen problems 
below such structures? Did ytu find that there ^yas 
an improvement in the dissipation of organic mate- 
rials in the reservoirs and the deep channels? \ 
Mr. Wilkinson: To answer the first part of your 
quesUpffTwe did not get into Aavigation projects 
use, at that time, the interest iij exploring the 
Toblem was not navigation projects, it was in the 
small projects in relatively minor tributary areas. 
Apd it was largely because of that, the definition of 
the projects, that our statistical analysis found that 
about 50 percent were of a drainage rehabilitation 
kind. We did not get into major rivers, major navi- 
ga^^streams. But you've got a good point there. 

Comment:_Tlie_reason-I.as}ced the question, in 
part, is that the management of pollutants in storm 
water runoff is becoming a greater and greater 
problem to the" Nation and especially to urban , 
areas. And, the onsit^ retention techniques don't 
really get too effective on pollution.^*^ 

So I think there seems to be a lack of information 
on the feffect of small detention reservoirs or 
impoundments in improving the quality of storm 
runoff in various places and various situations. 

And I just wondered if anybody has any light he 
could shed on the effects of these small retention 
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structures on improving water quality? 

Mr. Wilkinson: i think .the subject of impound- 
ments was on the original program, wasn't it? .It 
disappeared. ' 

Only one other response, it seems to me, is that 
the effects ^nstream or in the impoundment 
to be studied. I think they have been, but 




quite unpredictable in terms of temperatures* 
stratification, and other thin^. ^ 

One thing that occurs to me is that you d6 not 
have the turbulence that^you have in a natural flow- 
ing|Stream and therefore, the reoxygenatiort capac- 
ity, out, that's getting a Jittle,bit beyond my field. ^ 
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To a considerable extent the topics assigned to us 
have unreasonably artificial boundaries, because an 
ecplogist cannbt^^talk about the physics, chemistry, 
or biology of water ^separately, nor about the quali- 
tative aspects of water and its biotas . separately 
from the quantitative aspects. Moreovef , in a meet- 
ing such as this of persons with\disparate bapk- 
grounds and interests, elective communication can 
be a problem. We all tend to userwords that have 
special nieanings withm o^ own disciplines and we 
ass^ml^ a certain understanding of premises, princi- 
ples, and laws when We use them. To make certain 
that we all are operating on the same wave length' I 
shaU present several principles of ecology that must 
guf^e our thinking about wai^r, its management, 
and the potential ejects on it of -various manipula- 
tive processes, tten give my o^ definition of the _ 
integrity of water, and finally address the topic 
assigned me. Th^ principles to be discussed apply ^ 
to 'all aquatic s^^stems, but the examples I shall 
present will be concerned chiefly with Takes, as 
they, along with the oceans, provide in th6ir sedi- 
ments the only record of past events not covered by 
lij^^gf^teervations or the menibry of persons still 

(1) Lakes and rivers||re integral parts of larger 
systems— the watersheds or catchment areas that 
are drained by the rivers or drain through the 
lakes. Besides water itself, the catchment afea con- 
tributes dissolve^! and particulate substances, both 
mineral and organic. In addition, usually lesser 
quantities of various substances are contributed 
directly to the water from the atmosphere by pre- 
cipitation and dry fallout. Together .with .such 
process-regulating variables as light, temperature, 
current velocity, et cetera, these various sub- 
stances comprise the abiotic portion of the aquatic 
environment and help control the diversity and 
abimdance of aquatic organisms. 

(2) Those substances that are used directly by 
aquatic organisms an^jl are necessary in their 
metabolisni— usually jcalled fessential nutri- 
ents—are recycled in the system by biological 




mechanisms. Storage in living biomass, in wood or 
sediments, or in the deep water of a stratified lake 
can delay the routilization of these nutrients for 
varying periods of time. Because inputs and out- 
puts, including storager are gfejierally in balance, an 
aquatic systemto remain functional requires a con- 
tinuous input oi nutrients. The quantities of nutri- 
ents and otHer substances contributed by. a water- 
shed vary with, the geological nature of the sub- 
strate and its overlying soils, the vegetational 
cover of the land, and climate. Since all of these 
tend to form regional patterns, it is not surprising 
that rivers and lakes also tend to form regional pat- 
terns or clusters, in their chemistry, prwiuctivity, 
and biotic diversity. 

(3^ Besides nutrients there must also be a source 
of fixed energy, mostly -in organic compounds. The 
latter derive both , fronv photosynthesis accom-^ 
plished within the aquatic part of the system and 
from organic materiids, such as leaves, pollen, and 
leachat^s. produced in the terrestrial pariLOf the 
system. In some systems, such as lakes with small, 
nonforested watersheds, virtually 100 percent of 
the available enefgy derives from autochthonous 
photosynthesis, whereas in other systems, such as 
small, headwater streams in heavily forested 
regions, almost all the fixed eftergy derives from 
organic detritus, of terrestrial origin. But whatever 
its origin, the fixed energy in organic substances is 
the driving force that enables the organisms pres- 
ent to metabolize and carry on their life processes. 
As the energy is used in metabolism it is trans- 
formed into heat and dissfpated from the system. 
Hence, unlike nutrients, energy cannot*be recycled. 
It is a one-way street, but like nutrients there must 
be a continuous supply tor the ecosystem to 
function. * 

(4) Taking into consideration regional differences 
in water chen^try and nutrient supply and differ- 
ences between water bodies in energy availabUity 
and efficiency of nutrient recycling, each aquatic 
system, has accumulated over time a diversified 
biota consisting' of many.,species of organisms ad-\ 
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justed to the particular set of conditions in the 
water body in question-. For purposes of analysis 
and construction of models, these organisms are 
often clustered into such functional groups as pri- 
mary producers, herbivores, detritivores, carni- 
vores, decomposers, qt cetera, tiut all are inter- 
related. That particular species occur in ^given 
lake or river is partly a matter of the species pool of 
the region and the dispersal capabilities of the 
individual species, partly a function of the biotic 
and abiotic relationships in the water body. Al- 
though we consider these systems to be in a steady 
state, -intuitively we expect the biota to adjust to 
long term changes in climate, vegetation, soil de- 
velopment, and internal trends within the systerp 
itself, and we also expect fhe system to be able to 
accommodaibe-^^nd eventually recoveV from such 
short term natural stresses as scouring flushouts iji 
rivers, episodes of volcanism, landslides,* and so 
forth. Homeostasis is restored. 

This, to me, is what is meant by the integritybf 
water— the capability of supporting and maintain- 
ing a balanced,, integrated, adaptive community of 
organisms having a composition and diversity com- 
parable to that of the natural habitats of the region. 
Such a community can accqipmodate the repetitive 
sti^esses of the changing seasons. It can accept nor- 
mal variations in input of nutrients and other mate- 
rials without disruptive consequences. It displays a 
resistance to change and at the same time a capac- 
ity to recover from even quite major disruptions. 

My assignment is to consider what history tells 
us about the response of aquatic systems. Anything 
that happened in the past is history. Evegi the 
words I speak become a part of history as soon ^ 
they are spoken. But most of history is unrecorded 
and hence unavailable for interpretation. In the 
case of aquatic system? there are> anecdotal 
>^accounts of particular events pr conditions that may 
have some comparative value. There may be time 
series of accumulated data for particular rivers or 
lakes that document what happened during these, 
intervals. Ai;id, in the case of lakes (and oceans), the 
accumulated sediments constitute an historical rec- 
ord of changing climate and watershed conditions 
and the integrate4 response of the lake to these 
changes. Where no previous studies on particular 
lakes exist and likewise no isolated anecdotes about 
particulars, events, the only means we have of 
interpreting previous conditions is from the sedi- 
ments. For rivers this possibility does not exist at 
all, as there is no long term sequential accumulation 
of sediments. Hence, here we are completely de- 
pendent on the written record, except for the geo- 
morphic and hydrologic changes that can be inter- 
preted from the landscape and residual sediments 
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of the valley. ^ 

I do not intend to say 'much about rivers. Their 
response to point source additions of domestic and 
industrial wastes is the establishment of a longi- 
tudinal gradient involving a succession of chemicfal 
processes and organisms, which for organic wastes 
is sufficiently predictive that a series of zones— *the 
sabrobic'system— has been set up.to help describe 
and interpret the process of recovery. Other zone 
designations have been devised for various kinds of 
industrial wastes and the responses they elicit/ 

Organisms vary greatly in their sensitivity to 
environmental changes accompanying pollution. 
Fishes together* with a majority of irise<4s and mol- 
luscs are most sensitive. Blue-green algae and a few 
miscellaneous animals from several groups are 
most resistant. These differences in tolerance lead 
to a greatly simplified community at the point of ' 
maximum impact, with the organisms tolerating 
the conditions here often occurring in tremendous 
' numbers, and then to a gradual buildup in diversity 
of species and equitability in ntmibers of individuals 
downstream. Various diversity indices have been 
proposed to help quantify these changes. Diatoms 
.are particularly .useful in stream studies and their 
truncated log-normal distributions are useful in 
assessing the severity of pollution. The experienced 
investigatbr can often determine quite easily from 
the macroinvertebrates present What the stage of* 
recovery is, and can alsp detect residual effects of 
pollution, as from lead mines in Wales, that are no 
longer detectable c^iemically. , , 

Lakes are fundamentally different from rivers in 
a number of respects that affect the integrity of 
water as I have defined it. In the first place, »their 
waiei: movements are not gravity-controlled, unidi- 
rectional flows which continually flush out the chan- 
nel with new water from above, but rather wind- 
induced circulations. Typically in summer, when 
the wind is not adequate to ovei;come the differ- 
ences in density set up by surface warming, the 
lake becomes divided into an upper circulating epi-- 
limnion and a lower zone, the hypolimnion, tut off 
from the surface by a steep density gradient and §s 
a result subject to generally much weaker water 
movements, than the epilimmon. During periods of 
calm weather those lakes that circulate continu- 
ously over summer can become temporarily 
stratified and even the epilimnion of the others can 
develop secondary stratifications under these cir- 
. cumstances. Regardless pf the duration of such 
stratification, theliypolimnion, or its equivalent in 
temporary stratification, experiences cumulative 
chemical changes, most important of which is the 
gradual depletion of dissolved oxygen by biological 
activity. The longer the duration of stratification 
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and the greater the amount of biological activity, 
the more severe will be the oxygen depletion with 
its attendant stresses on organfsms ri^quiring cer- 
tain levels of dissolved oxygen for their survival. 

Unlike rivers, lakes accumulate sediments pro- 
gressively and sequentially. One effect of these sed* 
iments is gradually to reduce the volume of the 
hypolimnion over time and hence the total volume 
of (lissolved oxygen it contains when stratification 
becomes established in sprang or summef . Conse* 
quently, even 'without any increase in biological 
activity, the hypolimnion will experience a ^adual 
reduction in oxygen concentration over time, which 
brings about the extinction and replacement of 
various deepwater organisms as their tolerances 
for low oxygen are exceeded. 

The 'sediments constitute a storage for energy 
and nutrients. Some of this is utilized by bacteria 
which can continue their activity even to consider- 
. able depths in tlie sediments, or l)y various animals, 
' which B^ause of their need for molecular oxygen 
are confined generally to the uppermost few centi- 
meters. Whether the sediments are functioning 
chiefly as a sink or as a reservoir for nutrients is 
important in problems concerning eutrophication 
and its management. 

The sediments also constitute a chronological rec- 
ord of processes jn the lake and conditions in its 
watershed, including climate. A perceptive reading 
of the record— its chemistry, physics, and paleon- 
tology—gives us much insight into the stability of 
lake systems when subjected to various stresses, 
including those resulting from man's activities, and 
thejr rates 6f recovery. 

A third major difference between rivers and 
lakes is that the water in lakes has a certain resi* 
dence time, up,to 100 year^ or more in some of the 
large lakes, determined by the relationship be- 
tween the input of water from the catchment area 
and direct.precipitation and the total volume of the 
lake. This allows for the recycling of nutrients in 
the same place, ^subject to the constraints imposed 
by stratification, and the buildup of a diverse com- 
munity of^mall floating organisms— the plankton. 
And even apart from any storage function of the 
sediments, the residence or replacement time 
„ means that there is an inherent lag in response of 
the system to aiiy increase or decrease in inputs of 
nutrients or other substances having biological 
effects. In streams the response to , input changes 
can be almost immediate. Any storages in the sedi- 
ments are mostly temporary, as the sediments can 
be swept downstream cluf ing the next flood stage. 

What I should like to do now is present a few 
examples of the kinds of responses made by lakes to 
various stresses. 



It was almost axiomatic in limnology until quite 
recently that lakes increase in productivity over 
time thr6ugh natural causes, a process that has 
been termed natural eutrophicatio©.^ This idea 
seemed to be substantiated by some early studies in 
paleolimnology which showed that the organic con- 
tent of the sediments increased exponentiaHy over 
time from a very low level initially to -a certain 
plateau level— the'trophic equilibrium— which was 
then maintained e^eijtially unchanged almost to 
the present. The tropfiieequilibrim^ was regarded 
as a state in which pp^uction was no longer limited 
by nutrient supply hut rather by such factors as 
light penetration thai affect the efficiency of utiliza- 
tion and recycling of nutrients within the system. 

The sedimentary chlorophyll degradation prod- 
ucts (SCDP) in sediments originate almost entirely 
from .photosynthetic plants, chiefly algae, in the 
lake itself. Present evidence suggests that these 
organic compounds are relatively stable in sedi- 
qients. Hence, the quantitative changes over time 
of these substances can give an indication of the 
magnitude and changes in productivity experienced 
by a lake. One core from Pretty Lake, Ind., (Figure 
1), 5hows low SCDP and hence low pfoductivity in 
late glacial time and then an exponential increase to 
a maximum, mtiintained essentially at plateau level 
almost to the present. This corresponds to the 
classical interpretation of the trophic equilibrium. in 
lake ontogeny. But the second coi^e from shallower 
wate^ shows a decline in SCDP after the maximum 
following the exponential increase, which does not 
fitthe-model. 

We now know from this and other studies in 
paleolinmology that change in pr^uctivity over 
time is not unidirectional froml^w.to high in all 
lakes, but that soni^lakes had a period of high pro-^ 
ductivity initially and then becanie less productive 
subsequently. Others had discrete episodes of 
higher productivity from whatever cause. For 
example. Lake Trummen in southern Sweden 
(Pigerfeldt, 1972) had hig^h accumulation rates of 
organic matter, nitrogen,. and phosphorus at the 
beginning of p<;istglacial time^apprqximately 10,000 
years ago. Th^e subsequently declined and re- 
mained low up to very recent time, when industrial 
organic effluents completely changed the character 
of the lake (Figiii^e 2). These relamonships are 
interpreted as reflecting the high early availability 
of nutrients from the youthful soils of the regionjd 
till sheets, with the subsequent decliik resulting 
from the progressive imploverishment oi\the soil by 
leaching and by the reduction of subsurrace inflo^y 
into tKe lake as Ibasin-l^ealing sediments^ accumu- 
lated. : 

Hence, the productive status of a lake is\depend- 
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ent on the Inagnitlide of its nutrient inputs, subject 
to the internal controls of the system. If we can de- 
crease the nutrient supply, we can expect a more or 
less commensurate decrease in productivity. Vari- 
ous attempts are being made to model the magni- 
tude of the response expected^omany reduction in 
nutrient loading, but the rate of response is still 
unpredictable. The rapid reduction of phosphorus 
and produfetivity in Lake Washington-following the 
elimination of secondary sewage effluents 
(Edmondson, 1972) is encouraging, although some 
other components of the system,, such as nitrogen, 
did not behave in the same' dramatic way. Other 
examples to be presented suggest that the response 
time of the total system, or perhaps better the re- 
bound time from a stressed condition, can be much 
longer th^h in Lake Washington. 

The responses of a lake to the decreasing oxygen 
concentration of the hjrpolimnion over time are in- 
structive and significant. Western JLak^ Erie is so 
snallow.that it stratifies only temporally in sum- 



mer during calm weather. Already by 1953 the 
oxygen demand of the sediments had become such 
that during a brief period of temporary stratifica- 
tion in late summer the oxygen content of the water 
overlying the bottom was sufficiently reduced to 
cause the wholesale death of the nymphs of the bur- 
rowing mayfly, one of the most abundant organisms 
here and a very important fish food (Britt, 1955). 
The^ miayflies never reestablished their populations^ 
but they have been replaced by smaller oligochaete 
worms capable o\ enduring quite low concentra- 
tions of dissolved oxygen. Thus, a single event,. al- 
though obviously with antecedent conditions, led to 
a complete change in' one portion of the biotic 
community. 

The dsco is another case in point, although per- 
haps less spectacular.-^If- we ^Vant to talk about 
endangered species, or at least endangered popula- 
tions, this is one. It is a fish that lives in deep water 
with requirements for both low temperature and^ 
high oxygen. If either of these liniits is eitpeeded, 
the fish perishes. As the summer oxygen concen- 
tration of the hypolinmion gradually decreases over 
time, the cisco*, in order to meet its oxygen needs, 
is forced upward^ into strata with progressively 
higher temperatures. Eventually the combination 
of low oxygen in deep water and high temperatures 
toward the surface eliminates the habitat suitable 
for the Cisco and the population is extinguished. In 
l£t52 Indiana had 41 lakes with knpwn ctsco popula- 
tions (Frey, 1955a). It is certain that a number of 
these populations ha>je been completely extirpated 
since then, and it is not at all certain how long the 
otheirs will survive. 

The species jof midge larvae associated with deep- 
water sediments have different requirements for 
dissolved oxygen, so that as the oxygen content of 
the hypolimnioji gradually declines over time, the 
composition of the midge conmiunity likewise 
changes progressively in favor of species .capable of 
tolerating lower oxygen jconcentrations. This led 
early in limnology to the establishment of a series of 
lake types based on the dominant species of off? 
shore midges and presumably representing stages 
in a successional series. Fortunately the head cap- 
sules of the midge larvae, which are well preserved 
in lake sediments, suffice to identify the organisms 
to the generic and sometimes to the species levels. 
In general, the pattern of succession in an in- 
dividual lake corresponds to the model, with spe- 
cies reqairing high levels of oxygen occurring early 
in the^history of the lake; these subsequently are 
,,-replaced by species more tolerant of reduced 
x>xygen; they in turn are replaced by species still 
more tolerant, and so on until the Only species left is 
a mosquito-like larva Chaoborus, which can endure 
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anaerobiosis for a whUe, but eventually even it is 
eliminated if conditions continue to deteriorate. 

The most incisive study to date is that of Hof- 
inami (1971) on^chbhsee in northern Germany. A 
midge community associated with moderate oligo- 
trophy dominated the offshore comniunity until 
'early sub-Boreal time about 1500 B.C. This was fol- 
lowed by a traiisitional community lasting perhaps 
2,500 years, and this in turn by a eutrophic com- 
munity for the last 1,000 ye^s. The whole story is 
much more complex than indicated by this too-brief 
summary in that throughout the 10,000 years of 
lake history there were ^migrations of t)riginally 
shaUow-wator species into deep water, extinction 
of deepwater species, and successional dominance 
of one species or another as conditions gradually 
changed. Actual jquantitative studies of the benthos 
in 1964-67 compared with similar studies in 1924 
shQW that the populations are still changing (Figure 

3) / In tlus interval the -population of chironomids, 
especially Chironomus, has declined drastically, 
being replaced by an increasing population of oligo- 
chaetes. Ghaoborus remained about the same. This 
situation is reminiscent of western ^ake Erie, 
where oligochaetes took over after thfiJbigJlflloff bf 
niayflies in 1953. ^ 

' Settlers first moved into the Bay of Quinte region 
of Lake Ontario about 1784- Government reports 
describe the devastation of thousands of acres by 
lumbering and the erosion problems resulting. The 
initial impact of this land disturbance on the Bay 
was t6 change the deepwater sediment from sflt 
dominance to clay dominance and to 'bring about a 
marked decrease in organic contetit through dilu- 
tion by clay (Warwick, 1975) . Subsequently, the or- 
ganic content increased gradually, although it is 
still less than pre-impabClevel, but now there is a 
pronounced decline in oxygen content of the deep ' 
water in sumnier. The initial response of the midge 
community was soniewhat surprising; it became 
more oligotrophic than it had befen before but then 
it proce^ed through several successional phases to 
a quite strongly eutrophic stage at present (Figure 

4) . Unlike previous inS^tigators, Warwick be- 
lieves that the earliest stages in midge succession 
are controlled by food supply more than by the 
minimum annual concentration of oxygen in the 
hypolimnion. The latter is important chiefly in the 
later stages of succession. Besides the shift in lithol- 
ogy from silt to clay, the sediments deriving from 
the impact period are marked by the appearance of 
the pollen of Ambrosia (ragweed) , the abunda^jce of 
which in the sediments roughly parallels but lags 

t somewhat behind the curve showing increase in 
population of the region. Ambrosia provides an ex- 
cellent time-stratigraphic marker in eastern North 
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America for forest clearance and the initiation of 
agriculture. , • 

Man's effect on our water resources is nothing re- 
cent. Figure 5 is a poUen diagram of Langsee in 
southern Austria (Frey, 1955b), a lake that pres- 
ently has a layei^of water at the bottom that does 
not participate in the circulation of the rest of the 
lake in spring aid autumn— a condition known as 
partial circulatict or meromixis. At a particular i 
level in the sedimlli^, which is obvious in the dia- 
gram, there are sudraa changes in the non-tree pol- 
lens, including the abearance ofi^various agricul- 
tural weeds and occasi\al grains of such cultivated 
plants as cereals and walnut, as weU as a disruption 
in the development of the j^rest vegetation. At this 
same level discrete band§ of clay occur, separated 
by a black reduced sediment completely unlike the 
stable sediment deposited prior to this but identical 
to what occurs above. Quite obviously, this is when 
agriculture began in the region about 2,300 years 
ago, and just as obviously the clearance of the land 
for agriculture resulted in the inwash of laxge quan- 
tities of clay into the lake, triggering the condition 
of partial circulation, now maintained by biological 
means. Hence, the sudden import of larg^ amounts 
of clay into a lake can have different consequences 
for different systems. 

Lago de 'Monterosi, a small volcanic lake in cen- 
tral Italy *about 40 km from Rome, had an initial 
small burst of productivity when formed about 
25,000 'years ago, then a long phase of low produc- 
tivity up to Roman time, when the construction of a 
road, the Via Cassia, in 171 B.C. completely 
chan^ipd the input of nutrients and other substances 
from its small watershed (Hutchinson, et al. 1970). 
The lake responded by dramatic increases in pro- 
ductivity lind sedimentation rates which did not 
peak until almost 1,000 years after the disturbance 
(Figure 6). Since then, productivity, as inferred 
from the accimiulation rates of such substances as 
organic matter, nitrogen, et cetera, Tias subsided to 
a level not much greater than ihaX existing before 
the disturbance. The lag in response and the long 
duration of the response are probably related to the 
fact lhat Monterosi is.a closed basin with no perma- 
nent streams draining its very small watershed and 
with output only via seepage. 

Grosser Plbner See is a lake in northern Germany 
famous for the many studies in limnology conducted 
there by August Thienemann and his associates. In 
1256 A^Pr==fiMiam coristr.ucted' at the outlet^raised 
the wafter level about 2 meters, overflooding much 
flatland in the process and greatly increasing the 
extent Mlhe littoral zone. The response of the lake 
was spectacular (Ohie, 1972). The sedimentation 
' rate, which had increased slowly from about 0.1 
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mm per year at th^1c)eginning of postglacial ^«ne to 
only about 0.5 mm per-year 9,000 years later, sud- ' 
denly jumped 20-fold to more than 10 mm' per year. , 
This has resulted in half the 15 m'eters of sedfinent 
iii the lake deriving from only the' last 700 years of 
the lake's existence. The big increases at this tiAie . 
In the accumulation rates- of such substances as 
zinc, copper, cobalt*^ and aluminum reflect the in- 
creased input of mineral substances to deep water 
from the overflooded l^nd and probably from the 
watershed also. Correspondingly big ^increases in 
the accumulation rates of organic mattef ,' chloro- 
phyll derivatives, and diatom silica reflect the big;;v 
increase in. production within the system" resulting 
f^m this changed regime'lFigure 7) . , / 

The* lake level had been raised to poWer a- dmU 
dam, as Was\;omrtion in northern- Gerrtiany at tHs 
time, and also to facilitate the produption of eels, ' 
but the concomitant flooding of valuable Agricul- 
tural lands resulted in a Ibng-continuing strife b^ 
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' , tween the mill operators and fishermen on the one 
hand and the manor owners and farmers on the 
other. Finally, in 1882 the lake level was lowered by 
1.14 m. Up to this time the accumulation rates of 
most mineral substances had been declining irregu- 
larly. and likewise the indicators of biological activ- 
ity. The sudden lowering in lake level resulted in 
\ iftB erosion and 'deposition offshore of sediments 
^•tkat had accumulated in shallow watef , yielding a 
discrete horizon of coarse-grained sediments and 
associated she^p peaks of various mineral constitu- 
. ents. Accumulation rates of chlorophyll derivatives 
and diatpm silica declined at this time, j>erhaps 
through light limitation of production by increased 
inorganic torbidity. The large increase in chloro- 
phyU derivatives in very recent time, reflecting 
high productivity, is attributed to the heavy use of 
agricultural fertilizers and phosphate detergents 
and to thp, draining of the surrounding wetlands, 
ipuch an in^srease of organic matter and other indi- 
cators of pro^uctiop toward the surface is common- 
place among lalces being stressed by man, fre- 
quently resulting in a completely different type of 
^ sediment thaij anything deposited earlier. 

Grosser Plbner See is but one of I nuniber of in- 
staiices where the productivity of a lake has been 
iharkedly increased by raising its water level. The 
1 .present high productivity of Grosser Ploner See is 
"v*shared by mahy lakes of the region, all accom- 



plished within the past few 'decades in direct re^ 
sponse to man's increasing impact on the systems. 
Ohle (1973) has used the term, "rasante Eutro- 
pWerung" (racihg eutrophication) for this rapid re- 
sponse of lakes to cultural influences, in contrast tp 
the generally slW< balanced development occur- 
ring naturally. ^ 

The most abundimt animal remains in lake sedi-) ' 
ments arfe the exoskeletal fragments of the Clado- 
cera, ^ particularly the family Chydoridae (Frey, 
1964). They are abundant enough for the construe* ^ 
tion of close-interval stratigraphies similar to those 
of pollen and diatoms and for the calculation of vari- J\ 
ous diversity indices and distribution functions. 
Since ^he deepwater sediments represent an inte- 
gration over time and habitat, the population of re- 
mains recovered from the sediments is partly artifi- 
cial , in that all the species represented probably did 
not co-occur tit the same time and, place. Yet the di- 
versity indices of the chydorids do show certain, 
demonstrable relationships 16 such variables as 
prod uctivity and transparency and, as shown in 
Figure 8; the relative abundance of the various spe- 
cies in an unstressed situation conforms almost pre- 
cisely to the MacArthur broken stick model for con- 
tiguous but non-overlapping* nicBes (Goulden, 
1969a). Hence} the species distx:ibulfen predicted by 
this model can be used to assess the extent of imbal- • 
ance in the system. 
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In a series of 21 lakes in Denmark for which 
measurements of annual phytoplankton photosyn- 
thesis by radiocarbon uptake are available 
(Whiteside. 1969), there is a direct relationship be- 
tween species diversity and transparency and an m- 
, direct relationship between species diversity and 
^productivity. There is also an inverse relationship 
between transparency and productivity. The inter- 
nretation of these relationships is that as lakes be- 
come more productive, they become less transpar- 
ent ifbm the development of larger phytoplankton 
oopidations, and with higher productivity the chy- 
. dorid commuijity is thrown out of balance, quite 
Dossibly from a reduction of habitat diversity 
tJirough the curtailment of species diversity and 
areal extent of the aquatic plants which form the 
major habitat of the chydorids. And since the chy- 
dorids are but one' component of a complex commu- 
nity, one can assume that the community as a whole 
has been stressed by an increase in productivity . 

In another study in Denmark, Whiteside (1970) 
attempted to establish the predictive vdue of 
chydorid communities for lake type, and then 
attempted to use these results in mterpreting 
changes in lake type in postglacial time m response 
to climate and vegetational patterns of the water- 
sh^. A hard water, eutrgphic lake (Esrom b«)^ 
was sufficiently buffered internaUy that it went 
placidly about its business during postglacial time 
r almost regardless^of external stresses that would 
be expected to have repercussions on the system, 
whereas a soft water, oligotrophic lake (Grane 
tangs<i) reacted nervously to even small external 
stresses. Thus* the response to a given stress wn 
be expected to vary greatly from lake to lake de. 



pending oii its particular suite of ecological condi- 
tions and bjflances. j,^ u ^ 
The Mac Arthur, predictive model has been used 
to assess community stresses resulting from the 
rapid climMic change of the last interstadial 
(Goulden, 1969a), from episodes of Mayan agricul- < 
ture in Central America (Goulden, 1966), and M 
volcanic ash falls in a lake in Japan (Tsukada, 1967). 
The last study (Figure 9) is interesting in showing 
that a single instantaneous but massive perturba- 
tion, as from an ashfall. can have marked and long- 
lasting effects on the community structure of a 

lake. o , 

There are quite a few other studies on the re- 
sponses of lakes to stresses that might be cited, but 
I should like to give just one more. The paleolimnol- 
ogy of North Pond in northwestern M^achusetts 
is being studied intensively by Tom Crisman, a 
graduate student at Jndiana University. Many ma- 
jor changes, almost as precipitous as those in Gros; 
ser Pliiner See, occurred in the lake shortly after 
the pine forest represented by pollen zone B was repv 
placed by deciduous hardwoods^ Productivity m the ^ 
lake, as evidenced by the quantity of chlor<Jt)hyll 
derivatives .in the sediments, increased dramatic- 
ally at that time, along with nitrogen and phos- 
phorus. A species of planktonic Cladocera, Bosmma 
coregoni. which is usuaUy consideVed characteristic 
ot more oligotrophic situations,' was replaced al- 
most instantaneously by Bosmina longiF^tns. 
characteristic of more eutrophic situations (Figure 
10). Since there is no clear evidence for any major 
fluctuation in water level and since it is unlikely the 
Amerindians could have modified the watershed to 
any appreciable extent, the only correlate and us- 
able cause is the shift in. fbrest composition. But 
this is difficult to reconcile with the data, because 
watershed studies to date have demonstrated that 
deciduous forests are more parsimonious than co- 
niferous forests in releasing nutrients from the 

system. • < u ' • 

Let me attempt to summarize sonte of the major 
points developed. Lakes change biologically dunng 
their existence from changing inputs of nutrients 
and energy and from changing internal control, 
mechanisms, associated in part with stratificaUon 
and depletion of oxygen content In deep water. 4he, 
biological changes in many instances have been 
jn-adual. although in others they have been sudden. 
Associated with natural catastrophes, major 
changes in water level, or even changes m th^ dom- 
inant vegetation type in the watershed. 

Lakes vary in their sensitivity to external stress 
and in their rapidity and magnitude of response. 
Man's chief impact- is to stress the systems so pe- 
vereljrthat they are thrown out of balance and the 
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rate of change is accelerated -what OWe calls 
rasante Eutrophierung." Both^ fop-^atural and 
man-induced stresses, the response of t^e total sys- 
tem may-be fast hr slow, and likewise the rate of re- 



covery. The lag m^y be considerably ^eater than 
predicted from the water^ replac^ent time, 
amounting to hundreds of years even ih small lakes 
if our Maples from the past have been correctly 
interpreted. Hopefully, the response time, particu- 
larly of recovery, will be fairly short, but faced with 
the unpredictability of the response time, we 
should be much more solicitous about the stresses 
placed on our lakes, as even vyith massive engineer- 
ing input they may not recover as rapidly as hoped. 

Eutrophication occurs naturally, but so does the 
contrary process of oligo^phication* That is, a 
lake can become less productive with.time, if its nu- 
trient budget is decreased. Paleolimnology has not 
yet been able to resolve what the major controls of 
productivity have been in the past for any particu- , 
lar lake, except by in»ence from our knowledge of ' 
present controls. 'But since. phosphorus, more than 
any other single substance, is the dominant Control 
of productivity in temperate lakes, it is essential to 
keep phosphorus inputs at a minimum if we are to 
have any hope at all of maintaining the integrity of 
our lakes. 
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DISCUSSION 

Comment: Your definition of the integrity of wa- 
ter seems to be the capability of maintaining and 



ter seems to uc ^.a^a^^^^^j « 

supporting a composition of organisms that can 
exist in iis natural state. In your discussion you de- 
scribed varying natural states and change of proc- 



ess. How does thai translate to a useful definition . 

todky? >. ^ . V 

Dr.^Frey: We had^an example a couple of weeks 
ago when two young Ph.D.'s whcT were modeling 
ecosystems gave seminars at Indiana University. 
They had linear models which didn't allow for any 
change over time. However, in any particular lake 
there wiU be changes over time, induced by 
changes in climate and vegetation, soil develop- 
ment, and so forth. The^response of the aquatic 
community to these changes will probably be adap- 
tive adjustments in species composition and in the 
relative abundance of species, controlled in part by 
the mobility of the species. I think a definition of in- 
tegrity has to include the concept of a balanced, m- 
tegrated, adaptive community. 
Comment : Did you go into these? " 
Dr. Frey: No, they are objectives. 
Comment: Have you made any comparisons with 
other organisms over an historical period? Would—- 
you be able to use changes in the plankton po^ula- 
' tion to detect changes in th^jK^er, as you ported 
out is possible with fislf^pulations? Would the 
changes be subtle or quite apparent? 

Dr. Frey: I didn't go into any of the long term 
studies, because even the best of these are less than 
■ 100 years old. I know, for example, that there are . 
records for the Chicago water supply which docu- 
ment the kinds and quantities of plankton in south- 
ern Lake Michigan over many decades.- Probably 
the longest and most nearly continuous record of all 
is that for Lake Zlfrich in Switzerland. H^the ■ 
- deepwater sediments have been accumulatmg as 
discrete annual layers since theJate ISOO's. Asthe ^ 
lake became more eutrophic under man s influence, 
various species of algae invaded the lake and devd- 
^ oped to bloom proportions. These are documented 
by studies of ,the*^ plankton. Significantly, the 
blooms of the various species, particularly the dia- 
toms, are also recorded in the appropriate annual 
layers, so that Lake Zurich constitutes to some ex- 
tent a calibration system for the interpretation of 
real events and changes in a lake from what is re- 
coverable from the sediments. 

Most of these long term data series have been re- , 
ported elsewhere at various times. I didn't attempt 
to summarize them.. but instead concentra^ on 
the kinds of interpretations that^can be madfe from 
the sedimentary record. 

Commerit: Fd like to ask you a philosophical ques- 
tion stemming from your definition of integrity. In 
your^opinion, are efforts to reverse a natwally oc- 
curring trend toward eutrophication counter to the 
• integrity of that lake? 

Dr. Frey: I had to leave out a number of pages of 
my prepared text because of time limitations (but 
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these are included in the published paper). For the 
chydorid cladocerans^ which are well represented 
in lake sediments, the species diversity of the com- 
munity declines as the productivity of the lake in- 
creases; indicating that the system is being 
stressed. This should not be interpreted to mean 
that all productive lakes are out of balance because 
the rate of change is probably the unportant consid- 
eration. Where the increased productivity is the re- 
sult of man or of some essentially instantaneous 
event such as a volcanic ash fall, the rate of change 



in nutHest budgets or other environmental condi- 
tions is so great that the community cannot keep 
pace with orderly and adaptive aSjustments. But 
where the forcing variables change slowly over 
tinie the aquatic biota is able to maintain an internal 
balance. Hence, I am in favor of either reversing 
the trend toward increasing^productivity in our nat- 
ural waters, I except tyhei^his is specifically Je- 
sired, or at least sufficient^ reducing the rate at 
which eutrophication is occurring so that the sys^.. 
tem is not stressed unduly. 
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Sic uiere tuo ut alienum non laedas. Use your 
own property in* such a way that you do not damage 
another's. ' 

A simple precept, well established in English 
law, cited by William Blackstone as the basis of the 
law of nuisance and, I would v^ntiire, embraced by 
most of you and otKer thoughtful, reasonable men 
around the world. The principle has many applica- 
tions. It was advanced' recently by Charles Cheney 
Humpstone in an article in the January 1972 issue 
of Foreign Affairs in which he argued for an inter- 
national no-release policy on pollution as the only 
policy that will woA. The precept has its roots, of 
course, in the biblical morality of doing unto others 
as one would have them do unto him. Such a code 
has appealed to reasonable men for more than 2,000 
years and has become incorporated into mores, 
manners, and our laws and interpretations of 
equity before the courts. As the density of people 
increases and the^potential for intrusions on the. in- 
terests of others soars, the need for strengthening 
the morality grows as well- or we degenerate into 
barbarism-and environment slides rapidly toward 
a chaos of progressive toxification and impoverish- 
ment. 

But where lies reason today? The arguments run 
that reason in the management of environment lies 
in compromise -between the venal interests ot 
would-be Rpiluters and the so-called "unreasonable 
idealism of that class of citizens commonly identi- 
fied as "environmentalists." And so we find the Ad- 
ministration acquiescing in pressures to delay or 
annul provisions,of the Clean Air Act and we watch 
continued pressures to weaken the Water Pollution 
Control Act Amendments of 1972, pressures to dis- 
sect and thereby confuse the simple objectives of 
the Act: to restore and maintain the chemical, 
physical; and biological integrity of the Nation's wa- 
ters. The arguments run that the objective is 
"unrealistic'* and "unreasonable.'' We cannot, they 
say, live on earth without violation of the objective. 
That, perhaps, is true if we take 'S^lavishly narrow 
and prejudicial interpretation of the phrase; but 
neither can we live in progressive comfort and 
wealth i£ we allow accumulating worldwide intru- 



sions on the physical, chemical, and biological integ- 
rity of the earth. ' J 

And so we are asked now to dissect and defme a 
phrase that should not be dissected. Our interest is 
in the preservation of the biota including man^^e 
biota is dependent on the physics and chemistry of 
environment and affects both. In this case all is one 
and oneis all. A dissection is inappropriate. 

There is, unfortunately, no universal agreement 
that the preservation of the biota is in the interests 
of man. The oil companies can and will buy the fish- 
eries in a time of growing hunger mi assert that 
the world is improved. And if biotic resources are 
important, they say, which ones? I cannot repair in 
5 minutes the accumulated effects of a half century 
of educational perversion in science. I can but as- 
sert that the essential qualities of air, water, and 
land that make the earth habitable for man are . 
maintained by natural ecosystems in a late stage of 
evolutionary and successional development. We are 
now watcjhing regional and worldwide changes in 
these systems, caused *by man, that threaten all. 
The 1972 Amendments are an acknowledgement of 
that fact and a step toward recognition in law^hat ^ 
the biota provides a series of essential services in 
addition to food^d fiber. The question comes back 
now: how can we best interpret and strengthen this 
important law? What new in science can we bring to 
bear on EPA's job of supporting thelaw? ' ' • 

The answer is that science can help pJbwerfully, if 
it will. It will not help powerfully if it acquiesces in 
the popular belief that compromise among compet- 
ing exploiters is a sufficient basis for management 
of the Nation's waters; that all waters have an as- 
similative capacity for all wastes and management 
^ is a simple matter of dividing this assimilative ca- 
pacity among the users. It wjll help if it st?rt$ with 
' basic principles of science and builds enduring man- 
agement plans on them. The two most basic princi- 
ples are evolution and succession. I shall emphasize 
the latter. * . , 

The generalized effect of human activities is t^""^ 
shift both terrestrial and aquatic systems from suc- 
cessionally mature stages to less mature, succes- , 
, sional, or "managed" stages. We ask what happens 
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to water when such shifts occur. We recognize that 
the qualities of lakes and streams are closely cou- 
pled to the qualities of their drainagfe basins and 
that the "integrity" of a river's functions reaches 
far beyond the water to the land it drains. How 
does this water change as the land changes? There 
is no simple answer; we can,* however, examine the 
concentrations of major nutrient ions in waters 
draining ecosystems that have been disturbed, such 
as has been done at Hubbard Brook and elsewhere. 
Even better we can examine the flux of nutrients 

, along a sere, one unit succession from agriculture to 
forest within the Eastern Deciduous Forest. The 
sere I shall use as an example is that leading to 
oak-pine forest in central Long Island. In this in- 
stance. Dr. Ballard and I have measured the quan- 

^ tity of nutrient ions entering the ground water 
under the various communities of - the sere. This 
ground water flows. On Long Island it Sows about 6 
inches per day and goes* ultimately into ponds, 
streams, and estuaries along the jshore. It is, in 
addition, a major source of potable water. It is kept 
flowing by an annual percolation of about 55 cm^ 
How do these plant communities change the quali- 
ties of the precipitation as it passes through them tq, 
become part of the ground and surface water 
system? 

The flux of anions and cations through the^ sys- 
tems is shown in Figure»l. Two trends are conspicu- ' 
ous: first, for most of the ecosystems the effect is to 
increase the flux of most ions over that in precipita- 
tion, despite the high ionic content of New York 
rain. The ecosystems are net sources of most ions.* 

Second, the fluxes out of these systems are sub- 
stantially higher in the younger, least mature suc- 
cessional systems; they are least in the later, forest 
stages. The difference is especially conspicuous for 
the nitrate ion where the difference between agri- 
culture and oak-pine forest was more than 1,000 
fold, but i^applies to virtually all ions except PO^, [ 
which moves little under such circumstances. 

The sources of the additional ions include ferti- 
lizers applied in agriculture and the erosion of pri- 
mary minerals. The accumulation of nutrients in 
the net ecosystem production of the rapidly devel- 
oping siiccessional systems is not sufficient to ab- 
sorb the nutrients available— and they are lost, to 
contribute to the eutrophication of water bodies. * 

If we ask what the ionic flux into the ground 
water and therefore into streams was prior to the 
shift into agricultural and successional ecosystems, 
we find it under the present forest ecosystems. The 
quality of t.he water under these communities gives 
us the bfest approximation of the nutrient ion con- * 
tent of "normal" water entering lakes and streams 
in this region. This is the\[uality of water required • - 




Figure 1 



to support the mature, evolutionarily-derived 
aquatic ecosystems of the area. These are the long- 
est lived, least fluctuating, most predictable. While 
they may not be the most productive of organic 
matter, they offer a wide range of resources to 
man, not tWe least of which is water of high and pre- 
dictable quality. 

Economists and other practical men bridle at the 
suggestion that management of environment 
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should favor evolutionary and successional matur- 
ity. What about cities, agriculture, clear-cut for- 
ests, and human wastes— not to speak of toxi^ 
such as DDT? 7 
The answer is simple enough; this is the cost of 
intensive use of environment. We have already 
taoved far toward recognizing the need; we have 
acknowledged that certain toxins such as DDT, 
aldrin and dieldrin are intrinsically uncontrollable 
and -cannot be used. In effect we have said 'that 
there are aspects of technology that we must forego 
to live safely together. It is a small further step to 
accept that industrial wastes are not appropriately 
made a'public responsibility for disposal; they are a 
part of the cogt of industry apd to be contained 
within it. 

Similarly, we are faced with the challenge, still 
poorly recognized, of building closed urban and 
agricultural systems that mimic in their exchanges 
with the rest of environment the mature natural 
system they displaced. Here is the current chal- 
lenge'fot science and government— not to aid in the 
diffusion of human influences around an already too 
small world, but to speed tl^. evolution of closed, 
man-dominated systems that offer the potential for 
a long, stable, and rewarding life for man. 

Unreasonable? Hopelessly idealistic? Perhaps, 
but only if we reject at this late stage the age-old, 
time tested precept of other reasonable men: Sic 
utere tuo ut alienum non laedas. 
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DISCUSSION. 

Comment: I wonder, Mr. Woodw^ll, if you could 
comment on some ideas on ,closed urban and agri- 
cultural systems? I wonder if you have any further 
ideas on it? 

Dr. Wood well: Do you mean how do we close 
them? 

Comment: Yes, and what the elements might 
look like. 

Dr. Woodwell: Well, we start with sewage 
systems. At the moment, many cities are building 
sewage outfall pipes that will dump sewage, fresh 
water, and other wastes into the coastal oceans. 

That procedure seems to me to be totally incon- 
sistent with the generalized objective stated by the 
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law we re here to discuss. There is a very seri(fti3i^ 
and important challenge to science and government 
to figure out how to recover the fresh water in sew- 
age and use it again; to recover the nutrients and 
other wastes; to avoid the inevitable pollution of 
the coastal waters if those wastes are dumped 
there; and, to improve the patterns of use of fresh 
water ^nd nutrients. Another enormous challenge 
is to figure out how to avoid dumping toxins such as 
oxides of sulphur and nitrogen into the atmosphere 
to acidify rains hundreds of miles from the source. 

There always are the costs of increasing popula- 
tion and increasing intensity of land use. The al- 
ternative to progressive degradation of the envir- 
onment is to close up our systems. If we are willing 
to reduce the earth s population to the point where 
we can live with the open systems that we've had, 
we can rely on dilution and the well-established 
concept of assimilative capacity to restore the sta- 
bility of the resources that weVe using. 

Comment: Would you describe the Brookhaven 
experiment in closing that loop, both frojn the kinds 
of problems you encountered and convincing people 
it would be a^ood idea, plus some of the techni<fal 
problems that you ran into regarding the use of the 

'land? • t. X J 

Dr. Woodwell: I suppose that one has to do as one 
says. Over the past several years, we've built at 
Brookhaven a series of experiments designed ta ex- 
plore the possibility of closing that sewage loop 
"with the hope that we will make it unnecessary to 
have offshore disposal of Long Island's waste. ^ 

The approach that we used was to start "with 
what we thought we knew. We thought we were 
experts in water and nutrient cycling in terrestrial 
and aquatic systems. So we approached the ques- 
tion as to wjiether we could build a combination of 
natural arid manmade ecosystems for recovering 
water and nutrients in sewage from the Brook- ^ 
haven Laboratory sewage treatment plant. 

Unfortunately, Brookhaven National Laboratory 
is a scientific community apd it doesn't "have very 
dirty sewage, so we had to get dirtier sewage 
trucked in. We made special blends of sewage, one 
the equivafenttof the etfluent from a primary treat- 
ment plant t the other the equivalent of the effluent 
from ^ secondary plant. 

The plant communities used were tbe sere from 
agrif^ultjLire through to a late-successional forest. 
We've also used a series of marshes and ponds and 
meadows to examine the potential of these systems 
as well, for recovering water and sewage. 

To put the story in a nutshell, it is still incom- 
plete, of course, but we now are beginning to re- 
member things. We kpow that from the stai^dgpint 
of versatility, certainly agricultuiie is the be^ way 
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to absorb nutrients and manage the ground wat^r 
in terrestrial communities, but other natural com- 
munities have a certain definable potential. 
• The most promising communities are the aquatic 
ones, the meadows, and 'the marsh and pond com- 
plex. It looks as though we can use a combination of 
marsh and pond, We built a marsh, most success- 
.fully; we built a pond lined with plastic to separate 
it from the ground water, and the edges of this 
pond are large elastic pans that support manmade 
marshes. 

It looks as though sewage trickled into these 
marshes, then into the pond and recirculated. It is 
really cleaned up very rapidly. This is quite a prom- 
ising technique. ^ 

The point I make Is not that there is a single an- 
swer to the set of questions I have set forth, but 
that there are several answers. The answers are 
likely to be con)f>licated. These that I have outlined 
here seem to offer one set of possibilities that, by 
and large, aren't being explored in detail or with 
great intensity. 

We have had no support, for instance, from EPA 
for this bit of research, although it's a fairly large 
project, amounting to several hundred thousand 
dollars a year. It has been financed, interestingly 
enough, by the old Atomic Energy Commission and 
by the local government; the town of Broofchaven, 
Long Island, which has a quit^ remarkably progres- 
sive Republican administration, and has had the 
foresight to invest very heavily in this kind of re- 
search and is learning a gr^t deal from it. I believe 
they feel rewarded. 

I believe that there is in this sort of approach to 
the sev^age problem and to the problem of closing 
the loop, a need for very great efforts in environ- 
;nental science, which really changes the direction, 
the entire obj|ctive in the management of the en- 
vironment. * ^ 

That is what this law, that weVe discussing asks 
us to do. It makes the assumption that we can Jive 
on earth only if we preserve the essential integrity 
of the physical and chemical and biological functions 
of the environment. That if we continue to allow 
human influences to diffuse further and further"" 
around the world, and with greater intensity, we 
will destroy those essential functions, and make the 
world less habitable for man. 

Sq I see here a challenge that just plain isn't 
being xn^f^' by and large, by current research. Cur- 
rent re^a^r'eh on energy in big national laboratories ' 
such as the one I work at', are focusing on what have 
been the objectives of science for the past decade, 
to relieve the expansion of present patterns of in- 
dustrial and economic activity— further diffusion of 
human influences rather than the consolidation of 



those influences into fairly tightly built systems, 

Comment: In your artificial system, I should say 
your natural system for removing these nutrients, 
picking them up in another marsh plant is not clos- 
ing the Joop, is it? Do you have a plan for getting 
^ those bull rushes back into cows? <^ 

Dr. Woodwell: Ideally, of course, one would put 
.them back into agriculture and recirculate them 
through ciyflization, but that's hard to do with sew- 
age because we have certain problems with para, 
sites and toxins of various types. 

What .one can do, however, is to concentrate 
those nutrients in a place where they can be har- 
vested and reused. They can boused ultimately as 
fertilizer in agriculture; humus can be moved to 
agriculture; if there are heavy metals, as therB-may 
be in some types of sewage these days, the heavy 
metals tend to be deposited in the marsh sedi- 
ments. Then after a time, those sediments can be 
harvested and treated in whatever way orie wants. 
That seems to me to be a lot better approach than 
we're using at the moment, allowing them to be dis- 
persed into coastal oceans. 

Chairman Guarraia: Isn't it a fact that this ap- 
proach has been taken at Woods Hole with some of 
Dr, John Ryther's work with agricultural utiliza- 
tion of sewage? 

Dr. Woodwell: Yes indeed. He has a very elabo- 
rate, large project in which they're exploring the 
possibilities iof using marine organisms, plants, fil- 
ter feeders, ahd marine animals, to scrub the nutri- 
ents out of sewage. 

It has the disadvantage, of course, -of still result- 
ing in the loss of the fresh water; the fresh water is 
mixed with saltwater, and then lost. It has the ad- 
vantage that the water that's released is low in nu- 
trients. They can do all this with a very high degree 
of efficiency. 

Perhaps Dr, Ketchum would like to comment on 
that. 

Dr. Ketchum: I think you*ve stated it properly 
and adequately, I thi^ it's worth mentioning the 
Penn State studies in which they have fertilized 
agricultural crops. It's not uncommon in the West 
in irrigation processes. 

Dr. Woodwell: Yes. I haven't mentioned a thou- 
sand other iM:mects that have been carried out over 
the past decades— some of them have gone back 
even centuries— in which sewage has been used in 
parallel approaches. 

I think that we have Uie advantage at the mo- 
ment of having learned a lot about the structure of 
ecosystems and the circulation of nutrients. It's 
useful to put this theory and detailed knowledge 
into practice. 

Comment: The thing that we're hearing now with 
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regard to returning the sewage to i^Ls natural sys- 
tem is the possibility of not only ret)irning it to its 
natural system, but contaminating^our source of 
ground water, which is unaerneatg that natural 
system and never was exposed to tliese pollutants 
in the first place. Especially, some of the concern 
raised about the problem of chemicala-in the surface 
water. People are inclined to turn moffe and more to 
the ground water for their drinking sc^urce. 

Js there any way, at least in a ten4)orary sense, 
that you can get the waste back "oitthfe land without 
getting the ground water contaminatcfd as well? 

Dr. Woodwell: I think so. I think t^e most com- 
mon problem, at least in my exper^nce in Long 
Island, is with nitrogen-nitrate, in particular. 

There are various ways of remo\gng nitrogen. 
The meadows that weVe working with are very, 
very efficient at removing nitrogen, removing well 
over 95 percent of it; so do the ponds siid marshes. 

So if first treatment involves trickling through a 
meadow or i5assage through a marsh land pond, we 
wind up with very low concentrations of total 
nitrogen. — ) 

The heavy ni^als that^rowiernmany of you, I 
suspect, tend t6be sedimented mthe inarsh and in 
the meadow, is well. So they are localized and not ^ 
transported. I ^ 

Comment: HWe you been able to traee any of the 
more exotic viruses that have shown up| For exam- 
ple, in the EDS studies? ' 

Dr, W<k>dwen:'No. That's one of %■ failures of 
my program' at, the moment. It jus^asn't been 

d6ne. ' * 

Comment: It's not that it can't be done; it just 
hasn't been done yet. 

Dr. O'Connor: Tm sure that most of us ^vith rea- 
sonable intellect subscribe and agree with the prin- 
ciples ymfve enunciated. I guess our problems 
arise, not so much in acceptance of tho§^ basic 
moral issues, as in answering specific problems 
while we have such short time here for ourselves 
and our future. 

In this "sense, I guess I have to disagree] with 
some of the things you said, or maybe add to them. 
Let me first try to add something and then, dis- 
agree, ' . 

I would add one other aspect to your fine talk; it 
is incorporating flexibility into our environmental 
planning. Let's not lock ourselves in too strongly, 
as with returning things to the Great Lakes. If we 
mess it up, we're going to mess it up for years. 

It's precisely on that basis, getting more durectly 
to our home area, that I disagree so strongly with 
some of the components that I think you and others 
have agreed upon; returning the treated effluent of 
Long Island to the ground water is exactly the last 
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point you raised. 
Whereas, if we do return to the ocean for a short - - 

time, we have two potential advantages. One is the 
flexibility- we're not locking ourselves into poten- 
tially destroying a water resource. Secondly, the 
return of nutrients to land, as you implied, can be 
equally beneficial to sea. It's an extension of what 
you said. Therefore, I think one would be a little 
hard pressed to argue strongly for returning it to 
ground water. 

Dr. Woodwell: By the time we have built a, 
roughly, billion dollar sewage collection* system 
treatment plant and a sewage outfall pipe that costs 
about $60 million, one hardly thinks of this as an 
easily reversible, flexible sewage management 
system. ' ^ 

The investment of $60 million for a sewage outfall 
pipe is sufficient capital investment that I just don't 
think that we're gojng to change that plan in a 
hurry. 

Going beyond that to pursue the flexibUity as- 
' pect, it is true that we can increase the primary 
productivity of limited areas in the ocean by adding 
nitrogen compounds and phosphorus to thfm. And, 
it's also true that the coastal oceans have a certain 
assimilative capacity for organic matter and other 
human wastes. * / 

But it isn't -true that they have an assimilative 
capacity for all 4oxins. Most people these days 
agree that we don't have room in the oceans for per- 
sistent chlorinated hydrocarbons such as DDT and 
PCBs. It's very hard to keep those out of the sew- 
»ageof New York, for instance. ^ 

So, while we might establish the idea of an assim- 
ilative capacity for certain substances in sewage, 
that assimilative capacity doesn't apply, generally, 
- to what comes with that sewage. Is that true? 

Dr, O'Connor: Quite true. As I sugg^ted this 
morning; I'm not referring to the principle of assim- 
ilative capacity, but the one that you enunciated 
yourself, that is the residual materials yn the 
treated effluent are good for the land and its nat- 
»ural recycling system. I'm simply submitting that 
they could be equally good for the water in a nat- 
ural recycling system. j 

So, the o'ption is open both ways. I would add one 
other pointr^ust as hydrocarbons are bad for the 
ocean, I would say, considering the groundwater 
resource and the use we make of it in Long Isl^d, 
it is doubly bad for the return there, " ^ 

Finally,, just a little rub. I'm glad to see you are 
conscious of f 9rces . 

Dr. Woodwell: Very good, I think that the possi- 
bilities of handling sewage on land are very great. 
It's hardly inflexible. We have physical-chemical 
systems for sewage treatment; we can take out 
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cMorinated hydrocarbons and not put them into the 
ground water. In fact, it s very jlard to get them 
into the ground water because they tend to be ab- 
sorbed in places on the surface of th^ ground. 

One of the best, the classic approach to physical- 
chemical treatment is, of course, with charcoal fil- 
ters of various types. The humus layer of forest, or 
the organic sediments of the marsh or a meadow, 
come very close to being precisely that. They pick 
up virtually everything. ' * 

So, I think of the terrestrial and aquatic, as op- 
posed to marine appro^hes, as being extremely 
versatile, and not fantastically expensive. 

Dr* Patrick: I just wanted to clarify one point 
which yojLi raise. That is, in order to keep sewage 
from getting into the ground water, the Campbell 
Soup Company did a remarkable piece of work in 
which they put tiled drains under their spray irriga- 
tion areas, and these tiles collect the excess that 
nms down and is not picked up; and that is re- 
sprayqd or put into a pond, and it is then acted on 
by algae. • * 

Wood^ell: Very good, -Ruth, thank you. I . 
think I can guarantee that I can produce a system 
for absorbing nutrients and toxins on the surface of 
the ground that will not result in contamination of 
the ground waters. ^ ' 

' I see heads shaking. I can see that we have a lot . 
of research to do. . ^ ^ ' 

Comment: iTie concept of land disposal of sewage 
is not particularly new to this world. I mentioned 
yesterday the CSEOLM Study of the Chicago Dis- 
trict of the Corps of Engineers ^done about a year 
ago. CSEOLM was an acronym for Chicago South 
End oiLake Michigan. 

, What they were looking at was the sewage and 
flood water in the entire metropolitan Chicago area. 
One of the proposals piade in this study was land 
disposal of all of the wastewaters from the metro- 
politan Chicago area— something very much along 
the lines that you discussed. ^flH^. 

One of the things from which the proposaM|||^ 
fered was that the land that would be required^br 
this wasn't measured in acres, it was measured in 
counties. It would have required, I can't tell yoii off 
the top of my head, how many millions of acres, but 
as I recall, it was measured in millions. 

Do you think it is a wise way of utilizing our land 
resources to^ut enormous land areas under this 
kind oflwhat might be called stress? 
^ Dr» Woodw^ll: To answer that, I supf)os6' we 
ought to take a quick look at what we do now. What 
we d«> now, of course, is to partially treat this 
wast^. If we're in New York City, We then release it 
into some water body that conr^fects to' the New 
York Bight, losing the fresh wateA for any new. im- 



mediate use; losing a good fraction of the nitrogen 
and phosphorus, the nutrients; and, without ques- 
tion, polluting the coastal waters.^ 

In addition tp that, there are certain hazards con- 
nected with dumping this par,tially treated waste 
into coastal waters ."^Coastal waters are indeed de- 
. graded by this process over large areas, so. there is 
a cost which we don't calculate at the moment or 
enter into* the calculation of what it takes to- run a 
city!- . ^ ■ 
- In addition to that, we generate large quantities 
of sludge which are, iii New York City, hauled out 
in special barges into, the New York Bight and 
dumped. And you EPA people know tfiat this is an 
increasing problem. 

That's j^what we do right now. Now the alterna- 
tive to this, at least what I'm saying is an alterna- 
tive, is to do research on how we recover the water 
and nutrients, keeping them on land and restoring 
.^4}w*water to a usable condition. * * 

If it takes a large land area; that, unfortunately, 
is the cost of' intensive use of the envu'onment/^ see 
that as the only way in which we can intensify the 
use of environments otherwise degraded. We lose 
the coastal fisheries, and almost no one is saying 
these days that we ought to do that. 

Comment: Given that there is a large land re- 
quirement probably involved with your marshes 
and meadows, how does this system stack up in 
terms of their normal ecosystem productivity? In 
other words, can birds and animals that would char- 
acteristically be found in marshes and meadows, 
survive in these artificial \yaste treatment sys^ms 
and would they survive? Do you have any experi- 
ence on that yet? ( 

Dr. Woodwell: It's a little premature, I suppose. 
The marshes that we have jbuilt are attractive, to 
ducks and geese and great blue herons; certainly 
the ponds support fish. I don't s*e any reason why 
these experimenfally enriched systems can't be a 
part .of the matrix of natifral systems that arei the 
general environment. 

Dr. O'Connor: There \vas one other point that 
you raised that I would like to address. 

I understood your prerogative to speak and put 
in a black and white fashion the conflict between 
the environmentalist' and the industrialist. Cer- 
tainly one can subscribe to the principle of your 
point. I think it's unrealistic, as I tried to say this 
morning, given the fact that we live in a technol- 
ogical, industrial society. 

To address the issue, in my mind it's simplistic, 
that you're going to change the structure of society. 
Now, I fully agree with much of that, and our stand- 
ard of living. But it seems to me that the issues are 
not so much between the environmentalist and the 
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industrialist as with all the other basic needs soci- 
ety has. There's a conflict of those monies to^ 
alleviate poverty; there's a whole priority of social 
npeds that have to be put into perspective with the 
environmental. And I think that is a more critical 
issue. 

Dr. Woodwell: You put your finger on the very 
core of what concerns ecologists, scientists of the 
environment, at the moment. It's a very large 
topic, one that isn't easily examined in detail in a 
moment. . T a 
*^ The question comes back as to what are the fund- 
amental resources in support of man? What does it 
take to keep' us on earth? We in the Western world • 
tend to think that it takes a healthy economy, fed 
by lots of fossil fuel energy, and that nuclear energy 
is going to displace this, and that the technology 
that's built on this free flow of fairly inexpensive 
energy is going to solve all the problems of m^n. 
That is simply not so in the eyes of biologists who 
study en virofiment. , ^ 

We have heard in great detail about the changes' 
that occur in the tiSvers with channelization; that as 
soon as we channelize the river, the normal func- 
tions of the river that were performed by bicJtjc sys- 
tems are taken over by man, at considerable cost. 
As a result of the channelization, the depth of floods 
increases. Sediment loads increase and a whole new 
array of problems appears that^ requires another 
tax on the general public to resolve. 

That isn't different from other aspects of the 
environment where we gradually take over man- 
agement from biotic systems. _And we aren't very 
good at that kind of management. If we were good 
at it there wouldn't be a problem in channelization, 
there wouldn't be a problem in management of the 
coastal oceans or in management of lakes. 

Dr. O'Connor: I agree we are no good on it. We 
have very little experience or background, so we 
will accept the principle of flexibility then. 

Dr. Woodwell: I'm not sure what I'm accepting. 
So we come back to what our basic resources are. 
Our basic resources worldwide are not energy or 
^vthe. economy or anything else. The basic resources 
are bioticjpesources. These are the resources that 
are used by all of the people on- earth, all of the 
time. 

MucH more energy flows to the support of man 
thrdugl biotic resources then flows through indus- 
trial syj tems. ^tuch more energy, by a factor of 20 
or so, ; i least, worldv^dde. It's only here in the 
United States, and for probably a fairly short time, 
that we live with the enormous wealth that cheap 
industrial energy has given us. 



Although this gives us the opportunity to use 
other resources, as populations increase and de- 
^mand on environment grows, we have to use our re- 
sources in totally different ways in order to avoid 
degrading the much more fundamental biotic re- 
sources that are essential to all of us. 

That's the point the ecologists and scientists have 
to make, and that should be the point of research . A 
lot of research,-right now while we can do it, on how 
to close up these systems and live for a long time 
with a finite set of biotic resources. , 

.Perhaps an infinite technology, but it hasn't 
changed the basicrules of the game. The basic rule 
pf the game is that everybody eats plants. 

Comment: I gu^ss it's not a question, but a com- 
ment that I'd like you to say you agree with. I have 
a couple of observation? on the story of wastewater 
disposal irf Illinois. I think the program was vic- 
timized by a poor job of public relations there, 
which is typified by the description of the project as 
the*disposal of wastewater. It's not disposal and it's 
not wastewater. They might have called it the re- 
cycling of essential nutriehts, and told the counties 
involved that they had chosen the lucky number 
and had been chosen to receive a great deal of free 
irrigation water and fertilizer as a gift from the city 
of Chicago. 

My point is that a great deal pf the time a lot of * 
the stigma involved is dependent upon what you / 
call the thing.- , 

Secondly, I don't think that the utilization of land 
resources for the receipt of these jmaterials pre- 
cludes its use for all the other things that are al- 
ready there. In fact, I think it enhances it. So, it 
isn't like two or three counties have to move some- 
where else. In fact, their agricultural space might 
be increased. I think that's the point of your talk. 

The thirds point is to the gentleman over here. I^ 
recall some worTc we did on a marsh' in Nort-h Caro- 
lina, which by accident w^ unlucky enough to get 
at the end of the pipe. It was not any sort of a treat- 
ment system, but it was that kind of marsh. It was 
a great deal mdre productive, not only in plant bio- 
mass, but also in all the other things associated 
with it. And one was struck by this just warning 
onto the sight, r ' ' * 

If there had been, in fact, a scheme to harvest 
that material and do something with it rather than 
let it fall right back into the water and simply pass 
those nutrients on down, it niight have been a very 
good and efficient way of^eturning that material. 

Dr. Woodwell: Vei^ good, I'll agree with all of 
that. • 
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The question can be asked very fairly— given all 
of our good intentions, given that we're honorable 
men and w,e don*t want to destroy someone else's 
neighborhood anymore than we do our own— what 
do we do? 

My response to this question is a pragmatic ap- 
proach to assessing the impacts by either an exist- 
ing* or potential source of biological damage on the 
integrity of water, quality. Essentially what I have 
tried to ask, not only personally but in working 
with people in EPA, people in the fisheries busi- 
ness, qther ecologists, is, "Can we go about doing 
an ass€ssmei|t in a way that is reasonable, come up 
with some good criteria for the managers?" 

Pasically, it involves selecting from the environ- 
ment in question several key species that we're 
* agoing to use as key indicators or determinants in 
terms of^teria for decisiojis based on water qual- 
ity. These are species that could fall into two cate- 
gories: representative species and what we might 
call those important species. Different agencies 
have used this concept in different ways atad I hope 
lean bring some of the salient points together. 

In essence, the approach is one, of selecting cer- 
tain important and representative aquatic species 
to be the critical indicators for decisions regarding 
the particular ecosystems and locatic^ being evalu- 
ated. The opposite approach (although there should 
be intergradations and mixtijres of approaches in 
practice) would be to consider only characteristics 
of the whole ecosystem, that is, the' aggregate of , 
thousands of diverse species and kinds of orga- 
nisms. ^ ' 

"The Representative and Important Species (RIS) 
concept is different from the old "indicator species" 
concept once used in organic pollution studies. That 
concept sought to identify certaiftumdesirable, pol- 
lution-tolerant ^ organisms (e.g. , ^ sludge worms) 
Whose presjence^indicated poUution; the RIS empha- 
sis is on those species which we want to protect or 
enhance. • 

Assumptions and Criteria: What are my assump- 
tions in suggesting the direction of using repre- 
sentative and unporitant species? What are my cri- 
teria for selecting them? 



(1) It doesn't seem possible to adequsltely s^dy 
every species that may exi^t at a si^e of pollution or 
other impact; there isn't enough time, money, or 
expertise, and most important, I don't believe the 
state of knowledge of aquatic ecokfgy allows us to 
see all the interactions among spjecies that may be 
relevant to the particular source of impact. Since^all 
species cannot be adequately studied in the time 
frame for makuig resource decisions, some smaller 
number will have to be chosen. 

(2) The species of primary concerh are those 
causally related to the sources o£ impacts. To be 
sure, there mW.be repHercussipnsf. throughout an 
ecosystem if ceptfdn/ elements are destroyed, but 
generally the*n|ost obvious change will be on the 
species dkectly affected. *Ifv we'- are U> correct mis- 
takes, we must also be most concerned with causal 
relationships.' \ ^ \ V - ' ,^ 

(3) Some species' of fish Wd invertebrates at a 
site will be economically important in their owij. 
right, that is, conmiercial and^isporte fishes, regard- 
less of any more ^academic cbrniecn^ms-tothe eco- 
systems as a whole. Some others may beliuisance 
species and thus important in the negative sense. 

• Both types of species are important in- a societal 
context; segments of t)ie human society are partic- 
ularly interesj^ in themi. > 

(4) Some ?^ies are known to be critical to the 

• structiu-e and function of theur ecosystem, either 
: thi)&Ugh/- pfiysical form, for exanjple, corals, or 
. th^gft':^=^'ch^ relationships. These would be 

"iipjK)rtant" in an ecplogical seijise. 

(5) Sop,e spfecies- wliicj^^e can 'term "i^epresenta- 
tive" will.be either^ gai^icularly vulnerable to the 
soiu-pe of potential ^daft^age (based upon our prior 
knowledge ftom'labotak)ry'or field studies) , or they 
arc trulyt representjitive ^ ^heir biological re- 
quirements of modi otherj^ species. If these 
species are protected W0=^1 that we can reaspn- 
ably assure protectibrrrf other species at the site. 
Generally, we would i|>^want to select wide-rai?g- - 

' ing species at the .exVemes of their geograf^hic 
ranges as "parti^arfy vulnerable" or "sensitive" 
representative species; they could, however/ still 
be "important" and selected on that basis. Orga- 
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at the edge of their j^ange.will often be the 
most s^ensitive to environment^ stresses and could 
be useful as sensitive indicators of ecosystem ef- 
fects. However* they often are of trivial importance 
to either the ecosystem or man in their marginal 
environment. 

(6) Often, the list of organisms that might be con- 
sidered *^important** or "representative" is still too 
long to be practical and a smaller list, 'perhaps 
greater than five but less than 15, may have to be , 
chosen. Generally, we would want the reduced list 
to include a diversity of the more sensitive fish, 
shellfish, or« other species of direct use to man or 
important for structure or functioning of the eco- 
system. 

(7) Finally, there is a category of organisms 
officially listed in accordance with the Federal ^ 
Endangered Species Act of 1973 (PL 93-205) which 
►are automatically "important** by legal definition 
and which must be carefully considered in any 
envirpnmental evaluation. 

Developing such a list presents an acute test of 
managerial skills for the responsible agency. The 
key phases will be soliciting recommendations from 
a wide variety of sources: fish and game agencies, 
conservation groups, regulatory bodies, the af- 
fected industry, and others, and obtaining their 
understanding and acceptance of both the selection 
process and the end result. 

Use: How will a list of representative and impor- 
tant species be used? A clear statement of the 
objectives for such a list should, of course, have 
preceeded its selection. The list and its use will 
depend upon the type of facility being evaluated. 

It is useful .to outline a decision train or action ^ 
plan associated with our species list. My own 
experience has been heavily oriented towards 
power plant impacts, so the foll6wing thoughts are 
drawn from that context. The decision train I out- 
line includes steps Iq^ding up to the selection of the 
list of species, and it assumes that the source^pf 
damage is not yet operating so that impacts must 
be predicted. If the plant is already operating, then 
actual damages should be looked for,, and if found,, 
then the decision may be to take actions to alleviate 
the damages or, if no other recourse is available, to 
close the plant. 

Decision train: (1) Review the biological prob- 
lems that. have been identified at operating power 
plants, in laboratory studies and speculative 
analyses. A simple "shopping list" can be of great 
value in reminding the analyst of what he should be 
watching for. . . ^ 

j[2) I Examine the biological resources and any 
existing management objectives for these re- 
sources at tlie site. 



a) If these have already been established and 
catalogued by resource agencies or by previous 
ecological studies by the company or other 
groups (for example, universities), then these 
data might be used without conducting addi- 
tional field surveys. 

b) If suitable data are not available, then a 
survey covering a minimum of 1 year is proba- 
bly necessary to establish the kind of ecosys- 
tem being dealt with. 

(3) Decide what problems viewed in the first slide 
or identified from the local resources are to be con- 
sidered further for this site. In particular, 

a) Is the problem credible (documented, a 
problem^ elsewhere, a good prediction)? 

b) Is the problem likely to be significant for 
the ecosystem or society? 

c) Does the species that could cause the hy- ^ 
pothetical problem actually occur at your loca- " 
tion, even during short periods of a critical life., 
stage? ; 

d) Is the species likely to be closely involved 
with the source of damage? 

(4) On the basis of anticipated problems, decide 
on a list of representative and important species 
requiring detailed field and/or laboratory study and 
analysis leading toward administrative decisions. 
Use the assumptions discussed earlier or any otber 
criteria that may Ijp particularly applicable to your 
site. 

(5) Obtain literature and laboratory data on the 
representative and important speciefe. To the 
extent possible the analyst should becohie familiar 
with every aspect of the population dynamics of 
these selected species. Where data permit, popula- 
tion dynamics models may ^d in determining which 
types of information are most important. Son(ie 
experimentation may be necessary at this point to 
define such parameters of direct biological effects 
as lethal temperatures, upper temperatures for 
growth, optimum growth temperature, et cetera, 
that can be useful in evaluating impacts. 

(6) Obtain detailed field data at the site of prob- 
able impact (and reference areas) on the RIS that 
would pertain directly to the anticipated prob- 
lem(s). The actual distributions of the organisms at 
different times can be especially important. This 
may require more than 1 year of cjata to establish 
yearly variations. 

(7) Develop engineering designs for the proposed 
facility to minimize problems. An example would be 
selection of the location for a water intake either 
along shore or in deep water based on the relative 
abundances of organisms that could be dtawn in 
along with the water and damaged or killed. 

(8) Decide (a) what/problems remain credible 
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after compensating with good engineering and (b) 
the magnitude of the problem in relation to- main^ 
taining a balanced indigenous community. A projec- 
tion must be made at this point fpom the well 
documented analyses on representative and impor- 
tant species to the likelihood of ecosystem effects. 
This we must accept as educated speculation. 

(9) Prom the list of predicted significant problems 
that remain, or lack of them, decide uppn issuing 
approval for the facility. The realistic ecological 
analyst must realize at this point, however, that 
there will be other considerations entering deci- 
sions'besides his own . ^ 

Conclusions: Decisions , regarding water re- 
sources must be made. We cannot wait for all perti- 
nent information id come in, for in practice it never 
does. Kno^vledge continuously builds, sometimes to 
reveal our triumphs of insight, sometimes to reveal 
our mistakes. 

I feel that we can minimize the latter within the 
practical limitations of today's environmental sci- 
ences if we concentrate our efforts on those species 
that w^eel are either particularly important or are 
representative indicators of the rest. 

Whether the ecosystems be designated as wild or 
managed (and most water bodies are actually man- 
aged for certain harvestable species), knowledge- 
able scientists and managers ought to b« able to 
compile a list of key species based upon Wnage- 
ment objectives. These species can then receive 
more than haphazard attention. The detailed 
information developed on them will provide clearer 
decision criteria for the administratoV and clearer 
standards for later judging of any changes in the 
integrity of our waters.* 

Let me summarize with the benefits of what I 
think is the concept of representative and impor- 
tant species. We want to do what can succeed with 
today's knowledge. We don't want to do a job that's 
going to wind up in a lot of fuzziness that's not 
really going to do anybody any good. We want to do 
something that's going to contribute to the deci- 
sions that have to be made. We also want to give 
tjhose species that the public considers important 
more than just haphazard attention. For instance, if 
we had not worried about the strip^ bass in the' 
Hudson Estuary area, somebody would have been 
down on our necks very fast. ^ 

The species that the coriimercial fisherman, the 
sports fisherman, the general public feel are impor- 
tant to them, often in tangible ways, these are the 
ones that the analysts have to consider in detail. 
We want to give clear criteria to the administrator. - 
We don't want him to have to make the subjective 
judgments in the end. The ecologist needs to be 
able to lay out as clearly as he can the criteria to be^ 



used in making decisions and the alternatives. I 
think this system allows him to. 

Some well understood standards must be put 
down on paper for use in judging changes that 
occur. By setting the criteria fairly specifically for^ 
particular representative and important species, by 
having population dynamics models that make pre- 
dictions about what the population is going to do 5, 
10, 15 years down the track,, we imp)ose our particu- 
lar impact. We'll have some standards that then can 
be used by regulatory and conservation agencies 
and the general public, to know if, in fact, the deci- 
sion that was made was the correct one or the best 
one. 

There are probably other benefits too; perhaps 
one of them being that ecologists are maybe lazy 
like everybody else and we don't want to have to 
solve all the world's problems all at once. 

DISCUSSION 

Dr* Patrick: I certainly agree with you. I agree 
that we must understand life cycles, that we must 
go in depth to understa^iHTertain species. I think 
when you're dealing with thermal effluents perhaps 
you are safer in selecting a few species. 

But, I should like to point out that you can have 
an increase or imbalance "in nutrients that would 
bring about a change, a gradual change, /«rshift from 
a high predator pressure to one that's. very low 
predator pressure, and you wouldn't pick it up for a 
long time from the kind of studies that you outline. 

Except that you did give yoursell^ out when 
you said the ecologist should pick tife imp)ortant 
species. Now I feel in any such baseline studies it's 
important to study those species that are imp)ortant 
in the food way as well as those that are commer- 
cially important to man, and a mix of these studies 
that gives you the best, shall we say, baselines for a 
future comparison. 

- .Certainly I agree with you that you have to take * 
the engineer into it with you. In the study that we 
did with the Chesapeake we were able to show the 
company and the engineering firm that a half a foot 
per second would greatly reduce the fish and other 
larger invertebrates. 

And also by studies we were able to show where 
to put the intake that had the least fouling prob- 
lems, and I'm glad to see this is working. In other 
words, the ecologist has really saved the utility or 
the company a great deal of money by asking the 
right que^stions and solving them in the right way. 

But, as I safd, I think you have to know more 
than just a few species. 

^ Dr. Coutant: I can't say much to debate that. The 
comments I have made are most applicable, in their 
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strictest sense, to cases where weVe trying to deal 
predictively; where we simply don't , have the long 
* term ecosystem changing in front of our eyes for 
someone. to go out and look at/ _ 
In practice, application of any source of potential 
damage to aquatic, ecosystems occurs oveV a time 
span. The damage may occur 10 years from now if 
youVe in the early stages of design of a power ata- 
tion. Sometimes you're at the construction phase 
when damages may start occurring, and then later 
on they are occurring more regularly and you can 
look at their effects. \ 

The representative and important species ap- 
proach works best for the predictive situation. Such 
a predictive system can evolve into the ecosystem 
approach which has its advantages when the sys- 
tem is. there and is changing. Then you can look at 
thingsjike species diversity and other factors which 
you simply couldn't look at in a predictive sense. 

Dr. Ketchum: I too agree with what Dr. Coutant 
has said^ I would like to utter just one caution, 
being accustomed to the natural fluctuations of the 
marine fish population. I just hope that you aren't 
on a declining part of the natural curve when you 
make your prediction and find out that nature has 
taken over and had a greater effect in that particu- 
lar case thah man's activities. 

Dr, Coutant: A very good point. In fact, it was 
with some trepidation that I suggested a 1-year 
^ survey. It depends on the audience that you're talk- 
" ing to. If you talk to a group of utility people exclu- 
sively, they throw up their hands in horror at the 
thought of having to conduct an ecological study for 
a whole year. I think any good ecolpgist would rec- 
ognize that, ^ you say, there are fluctuations and 
long-term trends that make even 1-year samplings 
almost worthless. 

Dr. Ketcham:* Perhaps studies of adjacent areas 
could serve as ^ control. 
* Dr. Coutant: Right. In fact, one of the points * 
which I didn't include In the paper is that we need a 
better implementation of what we jnight call the 
resource agencies of the country for putting to- 
gether inventories of species and their population 
dynamics that are apt to be on a list of representa-" 
tive and important species. 

We know there are State agencies doing inven- 
tories, Federal agencies doing inventories, and util- 
jties around the country doing surveys of power 
plant sites. If we had a system for putting this 
information together, the poor analyst cobld go to 
this source and determine reasonably accurately 
what is happening ecologically in the western end of 
Long Island Sound, for example^ There is a goo^ 
body of information from the various State and 
Federal agencies tjiat could be used as a basis for 
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predictions if it were uniformly available. But I 
don't think we're there yet. We don't haye that 
amount of cooperation available in the system. 
— ^Comment: I kAow that the fish, or single species 
has been used quite a lot in the last few years. But I 
agre^ with Dr. Patrick, I think we're going to have 
to spread out more. 

And the current work with microcosms, especi- 
ally work of Bob Metcalf .and others, from the work 
at Oak Ridge shows that they had utility and 
screening materials in screening impact on func- 
tional groups and functions of ecosystems where we 
don't have to go to the complete ecosystem and we 
can get some ideas with some mix, even artificial 
mixe^. 

But I think that being able to protect or evaluate 
the impact material on a natural nutrient cycle or 
some of the functions such as primary production 
and decomposition are as important as those spe- 
cies of the top level fish that we mijght select. That 
certainly woiild cover more than five to 15. 

Dr, Coutant: I agree with that wholeheartedly. 
As I mentioned, you go on from the RIS approach to 
a more ecosystem-oriented approach. But Fd also 
bounce the question back to you; a^^jilfe, in a sense, 
taking a representative and important microcosm 
with which to make our^'udgments? For the fish, 
which I tend^ emphasize becausfe that's what I 
have been dealmg with^jKatend to select a species. 

In your case, you¥einterested in Jake ecosys- 
tems. You, therefore, set up an aquarium that has 
about tfie right mix of water, plankton and sedi- » 
ment. Do you not call that a representative seg- 
ment of an ecosystem? ^ 

Comment: But if we 16ok at the important func- 
tions of an ecosystem, and put in representatives of 
those^ functions, then I think we've come along 
step— being able to use something on the east coast 
and the west coast to represent the same functions. 
And we don't have to have the same species. 

The people in Georgia complain about using Pu- 
luth f^sh because it's a cold water fish. But if we 
have representatives of a level of the bacteria and 
tlie algae that grow in the south and^west and north 
and east, put these into microcosms then we re.pr6- 
sent functions and not a particular spcf^ies. 

Dr, Coutant: Yes, that's true. I guess I'd have to 
go back to the criticism that the analyst would get 
from the public. For example, in trying to do that, 
you select a certain species— carp, for example— to 
put into your microcosm. You may have used this 
species because another species won't fit. The ques- 
tion you get from the public hiring may be: why 
did you select carp for a bottom feeder when you 
should have used some othex' specfes which I (the 
public) think is more important? 
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It's difficult, to translate microcosm studies to the 
very specific concerns that p^ple have. Microcosm 
studies are becoming more and more important, 
and they're telling us many things. But you do wind 
up with difficulty of translation in the end. The man 
in the field, the man with his fishing pole, is inter- 
ested in striped bass or he« interested in large- 
mouth bass, and in the end, you're going to have to 
translate your results back to th>^ things people are 
interested iit. '/ 

Chairman Guarraia: Td like to madce a comment 
here. Being a microbiologist, Pjfhe^s I have to get a 
plug in. I'd have to subscribe/to the microcosm con;- 
cept that Mr. Sanders mentioned. 

There have been some studies that do .indicate 
that thermal effluents have shifted microbial popu- 
lations, and I'm thinking specifically of some wqtJc 
with Dr. John Buck. And Dr. Blakehurst from Can- 
ada has shown that the tubifex worms have a dis- 
like for certain species of microorganisms. 

In other studies_^. Odum has shown* that fish, 
have a distinct preference;for certain microbial sys- 
tems. This, of course, leads us to wonder what hap- 
pens when we enrich certain aquatic environments 
with nutrients from various sources. 

What are long terra.changes in terms of microbial 
shifts? I don't know the answer, and I don't expect 
you to know the answer to this. So, certainly, the 
single species concept is important, and I think pri- 
marily for one reason— you get a handle on it. I 
think we all recognize the extreme complexity of 
.the whole relationship. 

Dr. O'Connor: Would you comment briefly on 
the degree to which the fish population models that 
you referred to have been validated, if at all? 

Dr. Coyilant: I think both with respect to ours 
and just alx)Ut any .other mo^el that has been put 
togfether, you have to say not enough. Validation is 
a most important part of any model development 
and it tends to be th^ one least looked at. Every- 
body puts a lot of IBM cards toget^r and out comes 
a number, and we think we're (j<fQ. 

But, unless those results can oe validated, they 
really don't mean m>idi. The particular niodel that I 
slw>we*you is a good example. It is being validated 
in a sense that studies are going on in association 
with a particular power plant. Very interesting 
studies and expensive studies to find the informa- 
tion that the mod^, botli ours and others that have 
been developed for tne same predictions, have 
shdwn to, be imporJ?ant. 

There are two ways of looking at validating 
models. One is to determine whether the coeffici- 
* ents are right. So a lot of work is being done now to 
" get the right coefficients for, among other things, 
•egg and larvae distributions for striped bass. 
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Second, there is also a planning phase for once the 
jmpact has started.-§ome of that work is contribu- 
ting to finding out whether each year's data tend to 
match what We predicted for the year. 

I think validatid^ is, in that case, coming along as 
well as can be expected. But often it isn't and I 
think your point is well taken. 

Dr. O'Connor: Projecting in the research area, 
how close do you See models such as that in which 
you would introdfice more specific |)bllution effects 
like tojSc^y? Is anyone in the fisheries area doing 
that now? Or when do you expect that might be 
done? 

Dr. Coutant: That's one thing that actually we 
are going to try to do with the striped bass model 
0X1 the Hudson, because some things are tied in— 

Dr. O'Connor: Just thermally? 

Dr. Coutant: Well, £he first step is thermally. I 
showed you the population dynamics model; actu- 
ally the thing that goes behind the screen for that is 
a hydraulics model that predicts the number of e^gs 
and larvae that are going to'beln^the entrainment 
box. Built into the hydraulic model* are the dy- ' 
namics of the estuary, suph that you can predict 
things like oxygen depletipn by having thermal 
effluent added, a new sewage treatment plant or 
other adcy^ioni^ Really, what we would like in the 
end is to have a Hudson River resource model. 

Dr. O'Connor: We should get together someday. 

Dr.^Coutant: I'd like to make one point. Your 
^question mentioned the research context. In our 
discussion I'd like to make clear that Fm talking' 
fairly pragmatically in this representative and im- 
portant species context, about things that we feel 
we can do now; as opposed to things that Fd like to 
be able to do in the future. There are a lot^f things 
that we ought to be able to do in the future if wfe 
keep up a good level of research effort. ^ 

Dr. O'Connor: Let mevjust add, when you get to 
the DO studies, and you Ipok around at the 
engineers, that we introduce alternatives as best 
we can. 

Dr. Coutant: The business could stand a lot of 

r operation. 
Comment: You said at the beginning that you 
were interested in approaching these in as much of 
a pragmatic way as possible. I'd like to see if you 
can give sm^ kind of estimate of the types ot exper- 
tise needed and therefore the money and man- 
power. We realize that when you're talking about a 
nuclear power plant you're talking about a lot of 
money over a long period of time. But can you make 
any application from your studies to something not 
as costly? , 

Dr. Coutant: I'm not e^ing to try to go into num- 
bers. I think if we've learned anything in this exer- 
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* cise on the Hudson, and also woijcing on the Colum- 
bia, weVe learned that we tend to greatly 
underestimate the time ,it*s going to take, the 
money it s going to take; we tend to overestimate 
what weVe going to do. 

To do the job right, even for one species like the 
striped bass on the Hudson, you don't write an 
impact statement ii> 3 months. It takes several 
years to do a good job and tlien you don't know for 
sure where you are really, because you can't put 
confidence limits on your prediction. 

So, Fm forced to say let's get more pragmatic. 
When we try to look at what we can do let's be very 
critical of \yhat we. think we can do, and let's be 
very narrowminded in this sense— that we're prac- 
tic^ in selecting the number of species. This also 
put? pressure on those who are selecting this list of 
representative and important species to do a good 
job in making the selection. Because you're going to 
have to spend a lot of time, money, and effort on the 
few species that you do select. 

Dr. Wood well: I must^ay I also approve of your 
presentation and your approach in general, but lest 
the baby be thrown out with the wash here, you 
haven't said what you discovered as a result of all 
that study of the striped bass in the Hudson and 
what the conclusion might be. 

Anticipating your answer to that. Til go on to say 
thai tlie problem will then turn out to be not striped 
bass in the Hudson, but the fact that one of those 
nuclear plants puts through itself 30 million gallons 
an hour, or more, almo^an inconceivable quantity 
of water. And, 10 or l^or 16 of these plants are pro- 
posed for the HudsoDT River estuary. — ^ 

It really isn't tht striped bass that we're inter- 



ested in, but the Hudson River estuary ecosystem. 
And right on the face of it, we know that we can't 
put that many plants on the Hudson River estuary 
without substantially destroying it in the begin- 
ning. Then what do we do. - ' 
. The question then comes back to, do we allow 
this further diffusion of human influences around 
* the world, or do we decide that the estuaries are 
important, and we can't put reactors on them, that 
we have to figure out something else to do with 
reactors. 

Dr. Coutant: I don't \yant to make this an in- 
house joke in a sense. For those of yorf who aren't 
familiar with what we have been talking about, let 
me explain, off-the-record. 

(Discussion off-the-record because regulatory 
action still underway.) 

Dr. Patrick: I think two different questions are 
posed here. One is what's going to happen to a spe- 
cies that's important to man; the other is, what is 
going to happen to the assimilative capacity of the 
ecosystem, or its flexibility over time. 

I would like to find that when you study the 
major .groups performing functions in the ecosys- 
tem, the problem which Dr. Ketchum brought up 
about the variation due to nature, the populations ^ 
of a central species, doesn't necessarily happen, at 
. least in all the rivers that Fve ever studied. 

You don't have, under natural conditions, all 
aspects of the. ecosystem varying the same way. So 
you aren't led astray by a minimum number of 
specimens of a given population being character- • 
istic ot the area. I'd also like to point out that we 
have heejfi able to mordtor some facets of the eco- 
systems. 
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Natiiral aquatic ecosystem^ have evolved over 
time to accommodate to the physical and chemical 
environment in which they live. Thi§ paper will dis- 
cuss the basis for the mtegrity of these systems, 
how perturbation affects them, and will make sug- 
gestions for strategies of management to reduce 
the effects of perturbation or pollution; that is, in 
most casfes, pollution . - 

This discussion will concern itself primarily with 
streams and rivers and will be based largely on my 
experience of studying streams in the eastern part 
of the United States. 
Studies of stream ecosystems indicate they have 

" optimized the channel structure and the variable 
chemical and-physical characteristics of the water * 
due to seasonal change, runoff from the watershed, 
and downstream flow. For example, in the head- 
water sections of the stream the structure and func- 
tioning of the ecosystems are responsive to the 
riffle-pool sequence which is composed of a divers- 
ity of substrates, mainly rocks, rubble, pebbles, * 

. sand, and some silt which resides either in the pools 

* or along the edges of the stream. 

. The diversity of the current pattern is high and is 
responsive to the riffle-pool sequence and the . 
roughness of the stream bed. The water is derived 
in varying proportions depending on the stream 
Trom the ground water and from the runoff from the 
watershed. In undisturbed water, ground water 
mainly contributes, the nutrients such as calcium 
and magnesium which reflect the geology of the 

^area from which the ^ound water is derived. In 
contrast, the runoff from the watershed reflects the 
usage of the watershed. In undisturbed areas it wrn^ 
often reflect the organic matter produced by the 
trees and vegetation, whereas if the area has been 
utilized by man it may reflect agricultural activi-, 
ties, road»)^and other such results of man's activi- 
ties. It is difficult to differentiate the contribution 
of these two sources because, after all, the runoff 
from the watershed may reflect the ground water 
and likewise the ground water may reJl gct th p 

* usage of the watershed . / 



Head water: In headwater streams detritus is one 
of the main inputs. This is because these streams 
usually run through heavily forested areas anfl the 
fall-in of leaves and insects living within the trees 
produces a considerable detrital input over the 
year. Also, the trees of the watershed modify the 
light entering the stream and prevent extremely 
high temperatures from occurring during the sum- 
mer months. The temperature of these headwater 
streams may be fairly constant if most of the water 
is derived from ground water and is heavily shaded; 
or may fluctuate more extensively if considerable 
amounts of the water are from surface rmioff and i)L 
the trees have been cut away from the banks of the 
streMi. _ * 

Tgj^e headwater ecosystems have evolved to 
ha\lrgreat dependence upon detritus in the late 
summer, fall, and early winter months and to 
depend upon primary production in the late winter, 
spring, and early summer months. Of course, in 
those areas where the forest has been cut away and 
the direct sunlight^nterslthe stream, primary pro- 
duction by algae andaquatia plants is the main base 
of the food web. 

^ In these headwater streams the flow is relatively 
small in volume and because of the vegetative 
nature of the banks the water is typically clear. As 
a result> the photosynthetic zone extends com- 
pletely over the stream bed: Many of the aquatic 
insects which live in riffles have adapted them- 
selves to the high rates of flow that exist in these ^ 
areas and thus have streanJifted bodies. Fishes 
often develop suction discs by which they can 
attach to the rocks. Some diatoms will have a much 
more streamlined shape or develop strong hold- 
parts in swift-flowing water compared- to their 
shape and manner of living in slower moving waters 
or pools. 

In 'the slackwaters below riffles we typically find 
many filter-feeding organisms. Sometimes these 
also exist within the riffle proper as in the case of 
blackfly larvae, but caddisflies, clams, and other 
filter feeders are more typically found in the slack- 



id 

ERLC 



155 



152 



^ 156 



The Integrity of Water t 



water area where the current is still fast but not as 
erosive as in th? riffle proper. 

In the ptool one typically finds organisms that do 
not like high flow and prefer a fair amount of 
organic matter as a nutrient source. Thus, in the 
sediments o^ pools we typically find chironpmid 
larvae and tubificid worms. Also living in pools we 
often find fish and crayfish. The types of species 
found somewhat depend upon whether the pool is 
well oxygenated all the way to the riverbed or 
whether there is a decrease ip^ oxygen in the lower 
part of the pool. In headwater reaches of the stream 
the lowering of oxygen typically does hot occur in 
pools. This characteristic may occur in deeper 
downstream pools. Roots of bankside vegetation 
often trail into the stream and in these we often find 
water beetles, dams^lflies, and sometimes 
salamander^ 

Main trunk of the river: As one proceeds down- 
stream the flow increases in volume :and the water 
becomes more muddy. In this reach of the river the 
meandering pattern becomes much more eccentric 
and the riffle-pool sequence disappears. 

Habitats for aquatic life are mainly on the shoal- 
ing edges of meanders; very little lives within the 
cutting edge of the stream. Trailing branches from 
trees along the <fanks of the streams and the debris 
caught among them often form habitats for aquatic 
life. The advantage of these habitats is that they 
^ float up and down with the increase and decrease of 
flow and thus do not become submerged, as do habi- 
tatsi on stable subwaters. 

Because" of thef^arge volume of flow, shifts in 
height or depth of the water may be very great and 
sydden, particularly during the spring of the year. 
Tffls section of the stream is usually accompanied 
by a wide flood plain, parts of which may be wet 
swamps all during the year and in other cases, flood 
plain ponds develop. These areas with much more 
stable beds are used by many aquatic organisms as 
feeding and nursery grounds. One has only to 
observe the teeming life in these flood plain ponds 
and swamps to realize their importance in seeding 
the main channel of the river. During high flows in 
the spring and sometimes in the fall they are con- 
nected with the river. Thus, organisms when young 
may spend considerable parts of their life cycles in 
these ponds, traversing to the river during floods. 

Sloughs and oxbows are also valuable feeding 
grounds for aquatic We. The oxbows are typically 
caused by the cutting of a more direct channel 
which naturally occurs when the meanders get very 
large. These areas which have slower flows through 
them are clearer, because the sediments have had a 
chance to settle out of solution. In these waters 
many more alga^ grow and it is here that fish come 



to feed. On these algae as one might expect, large 
populations of* insects and other invertebrates may 
develop. 

The sloughs, which are the mouths of former*** 
tributary streams, are also excellent feeding areas. 
In these reaches of the stream the effect of bank- 
side shading is much less and the stream is de- 
pendent upon detritus brought in from the water- 
shed and on primary productivity. The integrity of 
this system and its productivity are dependent 
upon the flood plaint and these naturally occurring 
oxbows and sloughs. If they are eliminated, which 
sometimes happens in channelization, the produc- 
tivity of this reach of the river is greatly curtailed. 

Estuary: In the estuary the channel structure is 
very different from that of the rest 'of the river. 
Here we see the confined cWnnd giving way to 
opfen marshlands. These marshlands function in a 
similar way as the wetlands in the upper reaches, of 
the river. They are very productive; indeed Odum 
has characterized them as being the most produc- 
tive areas in the world. They not only contribute 
algae. or primary producers as a source of food, but 
the emergent plants, on their death in the fall of the 
year, create large amounts of detritus. A consider- 
able amount enters the river system and furiffshes 
food for manv species of aquatic life. 

The marshlands also function in improving water 
quality as plants and sediments assimilate large 
amounts of nitrogen, phosphorus, and other chemi- 
cals necessary for plant and microbial nutrition. 
The green plants also produce oxygen by the 
process of photosynthesis. Many plants may 
accumulate more nutrients than are necessary for 
growth. This luxury tends to be greatest in eu- 
trophic water. 

These plants also accumulate large amounts of 
substances such as heavy metals. The physiological 
mechanisms by which these lar^e amounts of 
metals can be accumulated and not produce toxic 
effects are not well understood. However, recent 
research has Shown that there are limits to this 
nontoxic accumulation of metals and when these 
thresholds are reached the metabolic rate of the 
algae is adversely affected. 

In the open channel two-way flow is one of the* 
characteristics of an estuary. This is due to tidal 
action. This effect may extend fdr upstream above 
the pefmtration of saltwater. Typically, in most 
estuaries the saltwater tongue which is more or less 
discrete, penetrates up the estuary along its bed, 
whereas freshwater flows occur over the surface. 

The amount of freshwater flow depends on the 
discharge of "the river. This is usually less in the 
summer, and the estuary will have a higher salt 
content than it will in the winter. Indeed, in some 
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estuaries such as the Escambia, the saltwater 
tongue is so discrete that in the winter short-cycled 
insects may enter the estuary as eggs and go 
through their larval stages and emerge before the 
water becomes brackish in late spring or early 
summer. 

Often there is a very different typ§ of fauna and 
flora living in the winter in the surface waters than 
that which lives in the deeper waters where more 
brackish water remains throughout the year. Since 
there is considerable hold-up tim6 in this part of the 
river, the estuarine communities in structure re- 
semble more closely those of lakes, that is, one 
often finds plankton existing as well as benthic and 
epithetic forms. 

In the free-flowing part of the river, the sus- 
pended organisms are really scuffed up bottom 
forms unless 'a dam is built into the river which in- 
troduces lake-like conditions. Exceptions to this are 
some of the long, slow-flowing rivers in the middle 
part of the country where plankton may develop. 
These plankton organisms are not true plankton as 
one finds in the open sea, because they do not spend, 
their whole life afloat in the water. Tfiey typically 
have resting cells that lie on the bed of the river or 
lake. 

Thus we see that the physical conditions of a 
river channel and the chemical and physical char- 
'acteristics of the water differ in these various 
reaches. Likewise, the kinds of species composing 
the various communities differ . 

However, there are gi:eat similarities among 
these communities, for their functions are quite 
similar. For example, in all of these communities 
there are detritivores (organisms that feed upon 
detritus), primary producers (organisms that fix 
carbon in the presence of sunlight and chlorophyll), 
herbivores (animals that feed upon plants), carni- 
vores (animals that feed upon other animals), and 
omnivores (organisms that have a wide variety of 
diet). ' 

Recent investigations have shown that it is ex- 
tremely difficult to type a given species to a given 
function. The reason for this is that during the life 
span of a species, depending upon its stage of devel- 
opment, it may change its food preferences. For 
example, it may be a detritivore at one stage of its 
life history and an algae feeder at otHer stages. It is 
also well known that when a resource is limiting a 
species may switch to another food source. Thus, 
although a species may prefer i(> be a carnivore, 
when pushed it may become an omnivore. 

These functions may assvime varying importance 
in different types of aquatic ecosystems. In some 
systems detritivores may be more important than 
the primary producers. Likewise in some ^sterns, 
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omnivores are more prevalent than carnivores. 
Nevertheless, Ihe same functions are carried out in 
all aqifatic ecosystems that we have studied. 

Furthermore, we find the numbers of species 
that perform these functions are very similar, in 
similar ecological habitats. Of course, when the 
physical and chemical characteristics of the habitats 
are very different, such as estuaries versus head- 
water streams, the numbers of species performing 
these functions may be different. However, in the 
same river area, when well-collected at different 
times, or in similar communities collected aAhe 
same timfe, the numbers of species performing 
these functions ^ill be very similar. 

This is in line with the work of CJody and Mac- 
Arthur, who found that if one carefully equates the 
habitats, the numbers of species which one will find 
living in that type of habitat will be quite similar. 

It is /also important to not^ that the forces in- 
volved in the creating of aquatic ecosystems and 
the maintaining of them, seem to be similar. For 
example, the formation of a community is largely 
determined by the invasion rate, the size of the 
area, and the diversity of the area. The relative 
importance of these factors varies according to the 
species involved. Patrick, et al., in a' study of 
diatom communities, has shown that invasion rate 
and species pool available to invade ^n area are 
more important than size of area. 

However, with other groups of organisms, the 
diversity of habitat might bfe more important. The 
kinds and relative concentrations of various 
density-independent factors are very important in 
the maintenance of a diversified community. If 
these factors are variable and somewhat unpredict- 
able, the relative population sizes of species will 
oscillate around a mean and the community will 
maintain itself over time. It is the opening of the 
community by these unpredictable occurrences that 
enables new species to invade and thus maintain a 
relatively high diversity. 

Species interaction is also another factor deter- 
mining diversity of an aquatic ecosystem. Bovbjerg 
has shown that if a single species of crayfish is pres- 
ent within a river it will occupy the riffles and slack- 
water areas and pools.^'However, if another species 
is intrxKluced they will partition the environment 
with one being able to maintain itself in the riffles 
and the other one in the pool and slow slackwater 
areas. 

Likewise, he has shown .that physical aggression 
will exist between caddisflies in establishing areas 
for spinning nets. This has also been observed with 
tbe purse caddie on rocks. The^e^is a definite spac- 
ing between the occurrence of tftese purse caddis, 
which is proportional to the area to which they can 
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graze when tfiey extend their thorax outside the 
piii:se c^. ' ^ 

Species interaction which is not directly competi- 
tive but is accomplished by the excretion of various 
substances, is quite common among algae. In other 
words, a given species of algae may excrete a sub- 
stance that will deter other algae from living within 
a zone close to the species. Thus, it can obtain nutri- 
ents in that area without much interference from 
other species. For example, Procter found that the 
growth of Chlorella vulgaris is greatly reduced in 
the presence of Anacystis marina. It is also reduced 
if the green flagellate Chlamydomonas reinhardii is 
present. 

On the other hand, Chlamydomonas reinhardii is 
strongly affected and cannot grow in the presence 
of Anacystis marina and is greatly reduced in the 
presence^'oPCfttoreZ/a vulgaris. Scenedesmus qua- 
dricauda is greatly influenced and its growth is re- 
tarded by the presence of Anacystis marina, 
Chlorella^ vulgaris, and Chlamydomonas reinhardii. 
The recent work of Keating (oral communication) 
also supports these conclusions. 

Species may also affect the growth of other spe- 
cies by being able to utilize a given mix 6f nutrienfe. 
For example, it is known that Asetrionella formosa 
and Fragilaria crotensis grow best in cool water and 
effect the higher nutrient levels that are typically 
present in ^ lake in the spring of the year. 

When these nutrients are reduced to a level that 
is not satisfactory for Asetrionella formosa and 
Fragilaria crotensis and the temperature of the 
water becomes warmer, Synedra acus will often 
become dominant. This dominant bloom is often fol- 
lowed by a bloom of Dinobryon. It is well known 
that Melosira granulata and. many of the blue-green 
algae occur only in lakes where the ni^^fogen is very 
low* 

Predator pressure is another factor that greatly 
influences the diversity of an aquatic community. If 
a predator has a preference for a species which is 
very common, the population of the prey will be 
OTeatly reduced and the community will be open for 
trhp invasion of other species. Paine has shown this 
tcloccur in-theintertidaLFegions-where4he-starfish^ 
preferred mussels. By reducing the populations of 
mussels, other species were able to invade and the 
diversity increased, Rpop has shown that if preda- 
tor pressure is against a given species the diversity 
of the community may be reduced. For example, 
she* found that snails preying upon dilatom com- 
munities discriminated against the ingestion of 
Cocconeis placentula and Achnanthes lanceolata. 
As a result, these species were allowed to grow and 
develop large populations and thus, the evennes3.of 
distribution of specimens among species was re- 



duced and diversity was reduced. 

Brooks and Dodson have also shown that the 
preference of a predator for a given size of prey 
may greatly change the structure of the plankton 
community. For example, they found that the intro- 
duction of fish that pref erred. a Jar gef size Daphnia 
reduced the size of the population of this prey and 
allowed tl\e development of smaller planktonic 
Crustacea which, in turn, fed upon smaller algae. 
The relative size of the. algal population increased 
while the size of the crustacean population de- 
creased, as a result of the selective feeding by the 
fish. 

Although all aquatic communities are shaped by 
the forces of these various factors, the relative 
force of a given factor may vary greatly. For exam- 
ple, in small ponds in the tops of volcanoes, fewer 
species are able to withstand the high concentra- 
tions of certain chemicals such as sodiunfi and potas- 
sium and the lack of calcium which often exist in the 
volcanic lake. Therefore the numbers of species are 
greatly reduced. 

Likewise, in the far north, with wide fluctuations 
in day length and lower temperatures, many spe- 
cies cannot live in this area and therefore the num- 
bers of sl>ecies available for invasion of the area are 
^educed. In such instances, the density-independ- 
ent factor ^seems to be more important than preda- 
tor pressure or competition in determining the 
structure of the commimity. In contrast, in a tropi- 
cal forest competition and/or predator pressure 
may be much more important . 

perturbation of the natural conditions of streams 
may affect aquatic species in various ways. For 
example, perturbation may alter the physical habi- 
tat of the area in which the aquatic community 
occurs by simplifying the habitat or making it unin- 
habitable. In the channelization of streams the in- 
creased sediments fill the spaces between the rocks 
of the stream bed. As a result, the stream bed is 
homogenized, decreasing ^e numbers of physical 
habitats that previously jejMsted. Likewise, the cur- 
rent becomes swifter-^Qi^Yhe current pattern is 
greatly reduced or homcjgiiKzed due to the fact that 
-the ro ug h ness o f the river bed has been obliterated. 

Oth^ iypes of poUutants may make' the river b^ 
uninhabitable. For example, Ihe accumulation of 
heavy metals in sediments may cause the sediment 
environment to become toxic to organisms that 
would ordinarily live in it. Another example is the 
accumulation of silt among the grains of sand which 
reduces the flow of water and hence, the ability of 
the organisms to obtain oxygen. As a result, many 
species which commonly live in large particulate 
matter such as burrowing mayflies, will not live if 
the interstitial spaces are filled with fine silt. These 
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habitats are often the preferred habitats for the 
spawning of fish and tlie rearing of the very young 
larvae. These, too, will^be eliminated if there is not 
a free flow of oxygenated water through the sedi- 
ments. 

Silt may also greatly reduce light penetration in 
water and thus make the bed of the river uninhabit- 
able by algae. Since algae are often referred to as 
the grasses of the seas, the plant food source wjll be 
elimiijaied-and the herbivores greatly decreased, 
lutants may also directly affect reproduction 
the physiological efficiency of organisms. An 
Example of pollution directly affecting reproductioif 
is that of small concentrations of dieldrin which will 
affect the behavior of fish and cause the male to fail 
to chase the female op stake out a territory. 

Thus, very low concentrations which do not 
apparently affect the normal physiology of the adult 
under usual conditions, will affect the individual at 
breeding time and Jience the reproductive process , 
• of the species will be diminished. 

The effect on physiolo^ has been f^nd with 
large increases in temperature which may also be 
deleterious to organisms by causing the metabolic 
rate to be higher than the assimilative rate. Thus, 
the organism will not be able to obtain enough . 
nutrition to survive. In oth^r cases, it has been 
noted that shifts in temperature are necessary in^ 
order for insects to molt and in other cases, bass are 
known not to spawn unless the shift in temperature 
occurs from the low 60*s to the high 60's in the 
spring of the^year. The maintenance of too high 
temperatures may increase the incidence of 
disease. 

The concentration of a given phyj^ical or chemical 
characteristic of the water may at one concentra- 
tion be deleterious and at another concentration be 
advantageous. Therefore, the concentration of pol- 
lutants is a very important consideration in deter- 
mining the effects upon an organism. For example, 
1 or 2 degrees Farenheit rise in the winter has been 
found to stimulate oyster .growth in the Patuxent 
River, and oysters which usually take 3 years to 
reach marketable size, have been known to reach 
marketable size in 21rears^ya slightly warm water. 
^In such ^slightly warmed water, algae typically 
grow faster in the winter and the food for the 
oystprs is also stimulated. ^ 

It has been found that extremely small amounts 
of certain chemicals such as manganese or vana- 
dium stimulate diatom growth, whereas large con- 
centrations may be toxic. 

Response of communities to perturbation, partic- 
ularly manmade pollution, is usually first evidenced 
by a shift in the sizes of populations of various 
species. Tnose species which are^more sensitive to 



perturbation tend to have smaller populations; 
those that are moije tolerant will increase in popula- 
tion size. Thus, a greater unevenness of the distri- 
bution of specimens' among the species takes place 
and the diversity index is lowered. ^ 

Mor§ severe perturbation results in species sub-, 
stitution. For example, in a normally healthy 
stream one will find many species of mayflies and 
several species of stoneflies. If the oxygen in the 
stream is greatly reduced during certain seasons of 
the year, one will find a great reduction in the num- 
ber of mayflies and stoneflies and in their place will 
be more species of chironomids, snails, and 
organisms that are tolerant of or prefer small 
amounts of organic pollution. Thus the species num- 
bers will not be changed but the kinds of species 
will be greatly changed. If pollution is very severe, 
the numbers of species will greatly decrease. 

We have found in algal communities over many 
years that the first effect of organic pollution is for 
a few species to become excessively common. The 
second or more severe effect is a shift of species 
from diatom-dominated to green algal-dominated, 
and if more severe, to blue-green algal-dominated 
communities. This shift is accompanied by a reduc- 
tion in the species, number but a great increase in 
biomass. ' 

"Toxic materials, on the other hand, have some- 
what different effects. If the toxicant is one which 
does not kill the species but rather interferes with 
reproductibn, one does not see a reducti6n in num- 
bers of species but all species have very small popu- 
latidj^BT This is what happens when' one lowers the 
pH of a circumneutral diatom community to about 
5.5) If the toxicant is one that kills many species but 
allows the more tolerant to live, oHe then'sees a 
greater abundance of these few tolerant species. 

This has been found to occur with various heavy 
metals. For example, chromium will bring about a 
shift of a, diatom-dominated community of many 
species to one dominated by Stigeoclonium lubri- 
cum and^a few species of blue-green algae, with a 
large Bmount of -biomass. Thus we see that not only 
are the nu mbe rs of species greatly reduced, but 
whether or not the populations or biomass are large 
or small, is dependent on the type of toxic material 
which is present. 

' Measuring the effects of pollution: Many people 
have sought to express the degree of pollution by 
various methods. The most common ones that have 
been used are histograms, dendograms, graphic 
models,''or the development of the diversity index 
and plotting this against numbers of species. 

Of these various methods, the developing' of a 
model to express the aquatic community gives the 
most information^ because one can tell not only the 
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numbers of species that are present, but estimate 
the numbers of species that are represented by dif- 
ferent sized populations. 

This is not possible by the use of a diversity index 
or dendogram. The histogram probably gives the 
greatest amount information, but ta date, this 
has not been put into a mathematical framework. 

With a histogram, by heights of columns, one can 
indicate the numbers of species; by breadths of col- 
umns, the relative abundance of the species of a 
given group, and whether or not that group has 
species that are excessively large. One can also, by 
making the various columns represent various 
groups of species or single species, show something 
of species composition.. 

Comparisons of communities have been deter- 
mined mathematically by comparing diversrty 
indices, by clustering in dendograms, and by vari- 
ance in model shape. Since the success of any 
aquatic ♦community depends upon so many vari- 
ables, it is very important that as many of these' as 
possible be determined in defining stream condi- 
tion*. Therefore, it is best to examine as many dif- 
ferent stajges in the food web as possible as to the 
kinds of species and relative abundance of these 
species performing each function . 

Similarly, it is important to look at the commu- 
nity as a whole as to its species diversity and kinds 
of species forming it. Finally, it is important to cor- 
relate this ii^rmatio'n with what can be obtained 
concerning tire chemical and physical conditions of 
the water. 

Because man is going to have to use the surface 
waterways if he is going to have a stable society, it 
is important that he not only diagnose the degree of 
pollution which is present and what is causing the 
l^ution, but he also should find ways to prevent 
or greatly reduce the severity of the effects of pol- 
lution. For example, the discharge of a large vol- 
ume oHvater through a single outlet into a river can 
greatly disturb the current pattern. However, if 
this water were discharged in a way to reinforce 
the natural pattern, far less severe effects would 
result. 

Recent research by many workers has shown 
that trace metals may have a great deal to do with 
what species become dotYiinant within an aquatic 
ecosystem. In other words, nitrogen, phosphorus, 
carbon, et cetera, are important in determining the 
number of organisms that a given body of water can 
support, but various mixtures of trace elements 
may determine what species are dominant. If these 
species have high predator pressure the productiv- 
ity of the system will increase. On the oth^r hand, it 
they form nuisance growths it will decrease. For 
this reason nutrient management of effluents may 



be an important way to improve streams rather 
than have them degraded by organic discharges. 

Conclusions: From this study it is evident that 
natural aquatic ecosystems have a 'great deal of* 
ability to cope with changing factors in the ecosys- 
tem. This ability to maintain a continuance over 
time is made possible by the large species pool with 
short generation time so that species performing a 
given function can change with given environ- 
mental changes. 

There are ^so many fee<^ack mechanisms so 
that organisms a^id subsequently nutrients can be 
recycled through the system. There are also pres- 
ent in performing each function, many different 
species representing many different major groups 
of organisms, orders, families, and genera. Their 
diversity in ecological requirements for growth pro- 
vides the system with a greater flexibility than if a >^ 
single group of species performed a given function. 
^ The integrity of natural water systems is high. 
The important thing is that man learn how to man- 
age the use of such waterways avoiding overbur- 
dening them so that the aquatic life in the streams 
is able to carry out natural cycling processes and 
assimilate wastes. 

DISCUSSION 

Chairman Guarraia: I think the point you raised 
concerning the diversity of popufations bears out 
what many people have done in microbial systems 
to show the relationships, and Tm thinking specific- 
ally of some of the work that has been done by Dick 
Merita in Oregon in this line. It is certainly very 
exciting. Are there any comments? ' * ^ 

Dr.TCoutant: To' carry on the debate a little bit in 
a bit of a different vein, one of the problems we 
seem to hatve is identifying what communities go 
with what combinations of physical and chemical 
characteristics. 

Fd like your opinion on our ability to take a na- 
tional census, if you wilU of water quality data, 
physical and chemical primarily, that is being 
gathered now and. has been gathered iJi the past 
and to couple that witli usually completely 
unrelated ecological surveys to develop a list of spe- 
cies plus other things. 

Do you think we could come to the point of being 
able to marry the physical and chemical data with 
the biological data and say, if you have this list of 
physical and chemical conditions, this is the kind of 
ecosystem structure you wind up with. Do you 
think we're near that? Do you think that would be a 
fruitful approach? 

Dr. Pdtrick: I think to take completely different 
chemical and physical data from biological data and 
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try to match them when they aren't collected at the 
same time is rather frivolous. It shouldn't be done. 

We haye done a great deal of work using the com- 
puter to monitor and we have found that if you take 
one chemical such as nitrate, and try to relate its 
concentration to a given species' flux in population 
size, in most cases you won't get it. But if you take a 
matrix of chemical and physical factoF§ such as ni- ^ 
trates, phosphates, and certain trace metals, you 
can predict that you will have a diatom community. 
But we don't know how to do the matrix attempt 
completely yet, although we . have had some 
success. 

Dr. Coutant: This is really why I asked the ques- 
tion, too. I know you're having some good luck in 
matching things in individual experiments, you 
know, the two simultaneously, but again, being a 
little bit pragmatic in saying we don't have that 
ideal condition for most of our rivers and lakes and 
estuaries, but we do have a f^ly good inventory in 
some places at least. Historical datav^^ave been 
'gathered over the years, some of it well^rrelated 
and some of it not very well corrfelatddrAnd you 
just have to hope that, somebody will^put aU of this 
together somehow in some magical model and be 
able to know what goes with what. But that's a big 
job and I wondered if you had opinions o;i that. 

Dr, Patrick: It's a terribly big job, and of course 
you know better than I that the methods of deter- 
mining things differ so at different laboratories. 

We've just published a study of the history of the 
Delaware River. By taking a number of chemical 
parameters and not trying to define the situation 
i too carefully, we can see certain shifts like the 
migration of shad, and, the shift in the productivity 
of the est^iary, roughly correlated with BOD, 
oxygen, nitrogen, and phosphorus, but it's very 
rough. 

I think it is just like asking a doctor to take a tem- 
perature one time, do a cardiogram at another 
time, and do other analyses at still different 
times — ^and-then .come back with the state of your 
health.JTiat's pretty difficult. 

Comment: I might add one thing. Under part of 
the law that we're talking alwut today, the 304-307 
sections, EPA as a regulatory agency is going to 
require the industry or the manufacturers of mate- 
rials to provide certain inf ormatioOr on these mate- 
rials to deternjine their environmental capability. 

I think it was pointed out yesterday, this all ties 
' into the integrity, and if we can tie this together 
with our mathematical models and get them tb pro- 
^ vide' the information to go into the models and the 
impact on the various species and the functions of 
the ecosystems, then those n?aterials that are being 
produced in the future will have this information. 

« 
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And someplace along the line we're going to have 
to go back and screen some of it, the materials Jike 
toxic metals, the ones that are already in the 
environment, and find out how they fit into such a 
system and what their impact is. I think we are 
looking and working toward being able to bring all 
this information together^ about our aquatic eco- 
systems. 

Comment: A number of people around the coun- 
try have been trying to develop in one form or an- 
other a water quality index to be used for meas- 
uring, as we proceed into the future, whether or 
not all these wonderful things that we're doing for 
these millions of dollars are having any real effect 
on the quality of our waters. Most of the efforts 
that I'm acquainted with have been along the lines 
of utilizing the traditional chemical parameters of 
water quality or physical parameters, composited 
into some kind of an index. 

More recently, I've heard some discussion of the 
possibility of using biological measurements for this 
purpose. Do you see any hope for this being a real- 
ity in the' relatively near futiire, particularly for the ^ 
purpose pf communicating with the laymen, with 
the public at large? What our water quality prob- 
lems are and what kind of progress we're mjddng? 
* Dr. Patrick: We have already done this. We have 
model diatom conmiunities, and in various papers 
that I have written we have determined hoy far, we 
can continue without ♦severely altering natural 
communities. 

Typically, a normal curve is a model of a diatom 
community. Now, if an extension of a length of the 
curve occurs without reducing the height of the 
mode, and sigma square increases, you know that 
organic enrichment of the water has occurred. 

By different shifts in the diatom struct*re~I 
won't go^into them all now— we can tell roughly 
. what kind of pollutant and what degree^f pollution 
is happening in a given stream. We can measure 
very finely. Of course, anybody can go out ^nd see 
if there are diatoms in the stream, and if there is a 
blue-greeft algal or cladopbora bloom, and be able, 
to say that the stream's polluted. You don't have to 
go to the more refined methods to determine gross 
pollution. But the importance of tl>is method is that 
it tells you trends before they become severe, and I 
think that's the kind of monitoring that we must 
establish in this country. 

We can't get all the ahswers before some pollu- 
tion occurs, but we must set up a monitoring net- 
work that has meaning, and that we haven't done so 
far. / 

Comment: I'd like to add an additional comment! 
to that. At the present time, the CEQ and EPA and V 
USPHS are funding a study to-look at the different 
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types of indices that are available and see if we can 
come up with soihething that may be used in a na- 
tional sense. 

It*s obvious from past experience, that this is not 
an ea5y thing to do. We are attempting to look at 
that now and also, in another sense, within EPA 
we're now conducting a study on environmental 
measurements. To take a look, not only at the 
water aspect, but at the air aspect. We're doing this 
at the request of the Administrator because of the 
different things that are coming to the forefront. 
For example, now we're doing major economic 
studies on the effects our regulations and standards 
are having on the economics of industry and the dif- 
ferent types of things that they are doing. And also, 
requirements for the sewage treatment. 

So, weVe hoping to take a look at these things, 
and I myself am working on the study as are some 
of the other people here today. So we will definitely 
look at the potential for using biological indicators 
and we're looking at this in a context of a national 
system, and in a trend system. 

Obviously, it s not an easy thing to do, because 
we also have to look at the pragmatic approach that 
Chuck talks about, with money and manpower. I 
know Dr, Patrick's system is a very fine system and 
I think one of the problems is that there are not too 
many people ^ound who are able to look at diatoms 
and make predictions that you're able to make. 
Maybe you could respond to that. 

Would there be enough expertise available so 
that we could use it as a predictive type model? For 
example, in our reports to Congress and to the 
public? 

Dr. Patrick: I'd like t^pA'esgond to that two 
parts. One is that I thiiik, for the general public, 
there's the attitude that one person in ecology can 
do everything. And I'd like to go back to my an- 
alogy of a doctor. Anybody can take your tempera- 
tiire, and if it's up to 104, you know you're ^ick. If 



it's only 100, you may not be quite sure that you're 
ill. You can be very ill, but the Slness doesn't ex- 
press itself. • . 

What Tm trying to say is that just as in medical 
treatment, you get what you-pay for. The more 
thorough and competent the examination, the bet- 
ter the diagnosis. The more you try to reduce 
things to a single number, the mpre you lose in the 
measurement. ' * 

The important thing is to know the spectrum and 
the questions. To answer you, if you want to 
roughly know whether a body of water is going 
downhill, take a few measurements^ it's just like 
taking your temperature. You Could do a diversity 
index; anybody could do that, you don't have to 
know species, only recognize differiences. And you 
can make a diversity index which can roughly say, 
this is different from that. 

But, if yoO want to know if one or another kind of 
pollution is present, you have to do other things. 

Maybe you have to analyze it to see if it's radio- 
active, if you're interested in radioactivity. Algae 
rapidly accumulates radioactivity. Or you may have 
to do studies on heavy metal content, or look more 
closely at the conmiunity structure. 

I think it depend^on the degree of information, 
its accuracy a^d completeness that you want. 

As for diatom people, we could easily train peo- 
ple, in fact we're training a lot of them in about a 
year to do this kind of work. And we have other 
kinds of measures which are quite good, not as good 
as the model, but what we sometimes call a semi- 
detailed reading of a community which is done very 
quickly, in a few hours. 

So, I think, again, it all depends, and I don't think 
you ought tp try to come up with any one way. In 
other words, you ought to have different degrees of 
information, just as we do for medical examina- 
tions, depending on your questions. 
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I first read the provisions of the Act pertaining to 
restory;ig and maintaining the biologiqgr integrity of , 
waters immediately after reading about the bluefin 
tuna situation in the North and South Atlantic 
Ocean. The report^by Frank Mather of Woods Hole 
Oceanographi&Institution, published in the bulletin 
of the International Game Fish Association in 1974, 
tells about the imminent collapse of the bluefin tuna 
fishery that has been a staple commercial fish, both 
in the Atlantic and the Mediterranean, since before 
the time of Christ. 

As recently as the 1960's the catches of this spe- 
cies made by the Portuguese, Spanish, Moroccan, 
Norwegian, German, and . American fishermen 
were in the 10,000 to 20,000 raifge per catch. But in 
1972 and 1973, some net^ took onfy one or two fish, 
and some companies or fishing organizations took 
only 1,500 or so fish in a whole^year's tiite. 

One catch of 111 fish averaged r,040 pounds per 
•fish, which shoiJa make some fishermen in the 
audience open their eyes a little l^it this early in the 
morning. But the.total weight of that one catch was 
only 55 tons, whereas the same people with* the* 
same nets earlier had been tjddng 150,000 suchlish 
in their catches. * \ • . 

Obviously, that fishery is in a state of collapse 
and it is probably due to over-fisHing. There.^^e 
three reasons for thinking so. But, here is a bi^gi- 
cal integrity problem that fits Webster's definffion. 
' I inunediately began to wonder, "Will thp EPA Ad- 
ministrator develop and publish information on.the 
over-fishing factor which iS' just as important, in 
many respects, as some of the other factors he has 
to think about?" ^ 

Along about that sarh6 time, I heard Dr. Betty 
WiDard of^e Council on Environmental Qoality 
speak befolllthe American Society of Civil. Engi- . 
neers, in Montreal. In essence, I think I heard hex 
say tHat a lajjk of integrity may mean an ijpbalance 
among IJbe chemical, physical, and* biological ele- 
ments of an ecosystem th^t threatens the vitality 
and productivity of s^me, or all, sj)ecies of tffi syfi:- 
tem. It may nieana disruption ef'the biological s*Js- 
tem to the point where it can't support the organs 
isms within it any longer. She said, too, that many * 



gene^tioli^may be required to restore the produc- 
tivity and complexity and stability of this system. 

Well, the words "imbalance" and "disruption" 
and "stability" held me up for awhile because, to 
me, the biological world is full of imbalances and « 
disruptions and instabilities. It is constantly alter- 
ing its makeup, its inputs, its outputs, its propor- 
tions, its internal relationships, in response to a 
host of outside and.inside factors. ^ 

• ManJ^ of these factors are not ncianmade in any 
way. So, what are we thinking about in talking 
about integ^'ity? A changeable situation, appar* 
ently. Are we really trying, inTesponse to a legal 
directive, to stop the world and freeze its action like 
a oile-shot frame in a motion picture? Or are we 
trying to hold a picture, or situation, forever static 
in accord With what ws ^hink the world ought to be 
like? I sometimes think we are, and I sometimes 
think that's not the way to do it* At least, we can't 
2^chieve our goals very well if we have that in mind. 

If we're to talk about the factors necessary to re* 
store andlnaintain fisheries, we have to have some 
^ goals to work toward, soine idea of what we want to 
\achieve. What fishery levels^ for example, to re- 
store or tp maintain. * 
There's much information available now, on both 

* the total tonnage of fish present in the lakes and ^ 
streamy of the United States and the yield from " 
thosijB fish populations each year. Isaac Walton 
knew very well that h^wasi catching his biggest fish 
in the stnglms that draimithe richest ya^eys in his 

-^country. Now we can dwi^5^ei^t that with ail kind||i 
of facts and figures. We can discuss the waters of^ 
New Brunswick that ^ow ovek rather ^insoluble 
rocks and have very few nutriems^^in them. They 
contain a total fish population of an3?wliSrefrom 17 
tp 36 pounds per acre. 

The waters of northern Michigan, as reported in 
tftg^terature, 'drain from very porous andf sterile 
sandy soif and have about 38 pounds of fish per 
acre. In contrast? the ayerage of many Minnesota 
lakes, in more fertile soil surroundings, reaches 150 
pounds'per acre, 5hd in central Illinois, the figures 
re around the 600 potmd per acre total weight of 
fieh. -Fet-tile land produces fertile water and fertile 
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water, of course, would produce the greater total 
food chain and more fish. 

Xhe same is true in our estuaries around the 
fringe of our continent and it's true in the ocean 
waters where upwellings of fertile water from some 
of the depths are conducive to greatei^ plankton 
production. That's where the biggest fish tonnages 
are harvested too. 

The amount of life in the water depends not only 
upon the dissolved nutrients, but in addition, the 
rate of fish production is also governed by water 
temperatiu^e and sunlight. A lake in northern Wis- 
consin, for exatnple, can give up as much as 20 per- 
cent of its carrying capacity of fish in 1 year's time 
without reducing the total poundage of fish in the 
lake. A lake in southern Louisiana can produce 118 
percent of its carrying capacity in 1 year's time. It 
* recycles things faster. 

These carrying capacities are not firm and fixed * 
and yields aren't either, of course. They vary trom 
year to year in adjustment to many factors. The 
winterkill situation in the lake states offers an 
example. When winter snows cover the ice and shut 
out sunlight and prevent oxygen production, event- 
ually the decomposition of the bottom robs the shal- 
low lake's volume of all of the oxygen. That may 
drastically reduce the fish population in those lakes 
and, of coiu^e, reduce the yields too, either to the 
commercial fishermen or to, the angler. But the sur- 
vivor fishes, and there generally are survivor fishes 
of a few species, make remarkable increases in 
growth rates and they get that lake back up to its 
productive limit very quickly. 

The productive capacity varies in regardrto an- 
other factor, too. Lake Senachwine -in Dlinois 
varies from 3,000 acres one year to 6,000 acres the 
next because of the water level fluctuation. But its 
carrying capacity remains between 50 and 55 
pounds per acre, no matter what the size of the lake 
is. That is the conclusion of the Dlinois Natural His- 
tory.Survey a few years back. The total tonnage of 
fish goes up and down with the total acreage, but 
the carrying capacity per acre remains jfbout the 
same. 

There are other quantitative manifestations that 
bear mention. A prairie lake und^ fairly fertile 
conditions may contain, if it is managed in one way, 
200 to 300 pounds per acre of game fish species. Or, 
if the fake has a mixture of game fish and rough fish 
s{)ecies, the total poundage per acre would be closer 
to 600 pounds. If it h^d fough fish only, like carp 
and buffalo fish, the total poundage woidd probably 
be closer to 1,000 pounds per acre. 

The latter fish, the carp and the buffalo, utilize 
the nutrients in the water on the bottom much more 
directly. The g^me fish, at the peak of the food 
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chain, produce fewer pounds at that peak. If we are 
to think in terms of integrity and have goals to 
reach, which goal do we want to reach?^A given set* 
of conditions produces not only a given number or 
weight of individuals in a lake, but also determines 
what species are in thai lake. 

Pristine waters of large size are usually low- in 
nutrients. They are clear and cool and they will 
hive lake trout and whitefish, perhaps only 1 or 2 
pounds per acre. Lakes with greater nitrogen frac- 
tion amounts and phosphorus compounds plus car- 
bonates, sulphates, chlorides, and many minerals, 
will have a bass or bluegill type population, or a 
walleye and perch grouping, or a bullhead and 
green sunfish grouping. Carp can't survive well in a 
lake trout lake and lake trout wouldn't live inaxarp 
laka. The quality of the water determines what spe- 
cies will be there, too. 

Bringing man into the pictiu*e adds another whole 
^ set of facfors. The natural ponds in Alabama, on the 
'^whole, produce 100 to 200 pounds of fish per acre 
per year. When the disciples and descendants of 
Drju^wingle stepped in, the fertilized ponds in Ala- 
bama began to produce 500 to 600 pounds offish per 
acre per year. 

Putting a dam across the Green River in Wyom- 
ing and Utah to produce Flaming Gorge, or across 
the Colorado River to create Lake Powell, elimi- 
nated many miles of stream habitat for native river 
fishes. Of courset that was regretted and objected 
to, but those dams afforded water for development 
of excellent rainbow trout fisheries and large- 
mouthed bass fishing. Now, who is to judge the 
comparative values in the two sets of conditions? 
Which integrity do we want to hold? 

There's another question that comes to mind: 
how far ^QJBif^ expect to go in the restoration effort? 
During many years as Federal Commissioner on the 
Ohio River Valley Water Sanitation Commission, I 
was always fascinated by the descriptions of^the 
Ohio .River and the valley, in Rafihesque's day, in 
the early 1800's. I look put of my car window, or 
tow boat window, or my hotel room window, about 
175 years mter and see what the* Ohio River looks 
likf now. The wording of the Act and the intent of 
the hearings give us the obligation of restoring that 
river to its former condition. 

In literature, you can find^eferences to the terri- 
fied reactions of Marquette and Joliet as they were 
coming down the Mississippi River in 1673 and sud- 
denly came to the point where-the Missouri enters. 
They were faced with a flood of enormous propor- 
tions coming in from the Missouri River. They had 
never seen anything likp it. The Missouri's swift 
current and siltiness fascinated Lewis and Clark in 
1804-06. Th^e was an integrity to that river; it had 
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its own fish population; it had a balance within 
limits, a range of conditions. Some of the early 
human residents on the upper part of the river used 
the fish. Is thatthe kind of integrity we're supposed 
to restore? Should we knock out those six dams on 
thq^upper part of the Missouri and go back to the 
way things were? . ^ 

I think that guidelines have to be worked out and 
Tt^ groping for some. In my vague way, I'm really 
searching for some bench marks that we must have 
to guic|^ us in restoring and maintaining what is 
called Me biological integrity of waters, keeping 
the fish pjopiilations in mind. 

In nature the balance, or integrity, is a changing 
thing. What manifestations of the balance do we 
choose to be our objectives and goals? That sanlfe 
Missouri River was s6 loaded naturally with phos- 
phates that I recall Dr. Tarzwell, back about 1949, 
fearing that when the dams went in and the current 
was stUled and the silt was dropped, and the 
Vaters cleared, and the sunlight began to do its 
work, we would have the most *'blooming" river 
anywhere on the continent. It was a possibility; it 
didn't happen. 

The droughts of^the middle .1930's through the 
prairie country eliminated whole lakes and stream 
systems and their fish, too. The lake beds were 
sometimes farmed. When the rains returned, the 
productivity of those lakes and .streams was unim- 
paired. It might have even been enhanced. 

We wouldn't like to have a norm involving such 
fluctuations, but they have to be considered. Going 
far 43ack into history, the changes in climate have 
forced a retreat of several species of fish, hundreds 
of miles from where they once were, back to the 
northeast, where they now live. Even before, in 
^early. Pleistocene times, the advance of the ice 
sheets forced brook trout down into southern parts 
of the United States, into southern Missouri and 
Arkansas: Do we keep these thing^in mind in talk- 
ing about natural characteristics or integrity of our 
, fish population? 

In more recent times I recall that the forest fires 
in northern Wisconsin released nutrients from 
those burned watersheds into the headwater 
streams of the northern part of that State and ap- 
' parently had a hand in fostering the development of 
tremendous stands of wild rice, or at least coincided 
with the stands of wild rice. 

But the growing up of watersheds, under tight 
fire protection, now has coincided with thf^ demon- 
strated impoverishment of those waters, and a 
complete disappearance of wild rice. Which de^ee 
of integrity, do we want here; which condition do we 
want to restore? ^ 

I'd feellbetter if an administrative conclusion 



were reached that it is the influence of man we're 
talking about, Our goal is to nourish our waters and 
watersheds and their water inhabitants back as 
closely to the pattern of variable conditions that 
existed before man's influences became so para- 
mount. Despite the vagaries and shifts of these nat- 
ural conditions, they did produce resilient and di- 
versified animal' and plant communities. These di- 
versified communities accepted the whole spectrum 
of change as a natural thing; they lost a few individ- 
uals and, occasionally, a few species. In other times 
and certain situations, maybe more individuals 
were gained and species were added. A permanent 
and unchanging period probably never existed, and 
a stable, maximum fish production, or fish popula- 
tion, probably never eixisted either. 

There was a pattern of factors that held true over 
long periods of time, and this pattern we should 
keep; seek to restore, Determining these factors 
^hd ranges, has been a big research task. We're not 
finished with it; the (Retails are not worked out well. 
A lot will be done in the next 7 to 10 years by pri- 
vate organizations, academic institutions. Federal 
and State agencies, to work out the details that 
we're seeking right now to answer some of these in- 
tegrity questions. 

There is a j)oint that f would like to mak6. It is 
agreed by fisheries professionals that many of the 
factors bearing on the welfare of fish populations 
are applied at some distance from those fish popula- 
tions, or from the waters in which they live. I think 
you all know this, but I noticed you had an acquaint- 
ance here who talked about channelization. 

Agricultural practices on a watershed affect the 
quality of. water draining from that watershed and 
also affect the fish in that water. That is elemen- 
tary. I think we can remember that wastes flowing 
into the Mississippi River at Memphis a few years 
ago affected the welfare of one species of fish 800 
miles downstream. Very' clearly and not unex- 
pectedly, the effect on the fish population appeared 
where the stress was applied, at the mouth of the 
Mississippi. 

I'm wondering if the record of growing acidity in 
New'England lakes, particularly in Maine and New 
Hampshire, might not be related to the change in 
fuels now being burned in Pittsburgh. The jet 
streams could be a transj)ortation agent fromt" 
sourcelo effect. -j * 

Also, some of the factors that have a bearing on 
water integrity and on our fish aren't visible at all. 
A fish population ^loesn't^^ave to be killed outright, 
it doesn't hav^ to give evidence of immediate death 
and float downstream or ashore, to be extermi- 
nated. The fish population can be stopped in its re- 
productive efforts or in its ability to convert from 
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fresh water to saltwater, as in the case of salmon, 
and therefore, die out just as surely as if it were 
killed immediately from some acute factors in the 
environment. The factors producing chronic effects 
are just as important as those that produce the im- 
mediate, visible, acute effects. They are much less 
spectacular and a lot harder to work out. 

I would like to mention one development that L 
was quite interested in while I was working with 
the National Science Foundation jPhe University of 
Texas Marjne Science Institute affPort Aransas has 
created and tested a method for assessing the ef- 
fects of natural and manmade changes on the es- 
tuarine environment and it has applied that method 
to the Corpus Christi area. The State government 
is using this method and several other related 
methods to evaluate changes and to manage the de- 
velopment of Corpus Christi's coastal area. 

The Marine Science Institute has established 
three data banks: one on the distribution of hydro- 
graphic features and the nutrients and other mate- 
rial contained in the water or in the sediments; an- 
other on the life history, the food preferences, and 
the environmental limitations of the estuarine or- 
ganism; and a third on the commercial ^d^ sport 
fishing catch and effort in that area. 

The total catch of fish in, the gul^for 1973 was 
about IV2 billion pounds. Of that total, 485 million, 
or 30 percent, was sport fish catch. These fish, this 
tonnage, came off the continental .shelf and inshore 
coastal areas. This gives a good indication of the 
coastal fertility and productivity of those waters. 

By measuring the dynamics of Corpus Christi 
Bay and providing information on how man's 
changes in those areas, through shoreline develop- 
ment or waste discharges, are affecting those bi- 
otopes,^ the investigators and regulators^ are 
getting a good idea of how the chai^ges are affecting 
the productivity of their whole system. They now 
know which factors are the ones that have to be 
watched. 

This has been a very general discourse. As I 
coni&-to the end of my thoughts on this subject, I 
think about developing an action program once we 
have determined our goals. We may not have our 
objectives quite clearly in mind yet. Our course of 
action certainly won't be direct. I do think profes- 
sional decisions are not all that hard to reach today 
and that we ought to make a few of them and let the 
legislators and the water users and citizens know 
what the professionally think, then let the political 
and economic and socilil processes begin to respond. 

DISCUSSION ' 
Comment: I've spent my life in this t^usiness. I've 
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been grappling with this business of integrity and 
what we want or don't want. So, this morning be- 
fore the meeting I took a shot at writing the defini- 
tion and I'd like to ask Mr. Johnson what he thinks 
of it. Here it goes in its rough form: 

Water may be said to have integrity when it di- * 
rectly serves the needs of man and indirectly serves 
the neeiS of man by serving the needs of ptonts and 
animals that are important to man, by enhancing 
man's food and preserving a; good and healthy en- 
vironment in which man can live well over thou- 
sands of years. 

In other words, water being inert has no integ- 
rity as we think of humans having integrity; it has a 
function. I think that man has risen to a point ^n 
this earth because he had brains and could think 
and other things couldn't. I think it's not too self- 
centered for man to make use of what is available 
for his own benefit. 

Mr. Johnson: I certainly appreciate hearing that; 
it covers the waterfront^nd many Water uses. I 
don't have any profound comment to make. 

Ciiairman Frey: I think that one of the very im- 
portant things thsrt Ray broughtgjit is that we can't 
think of a status qUo withou^Uiinking of the in- 
herent changeability that's in the system anyhow. 
So whatever definition or principles are adopted as 
guidelines they're going to have to take cognizance 
of this natural changeability that is in the system in 
response to naturally occiuring stresses outside. 
^ I also personally feel that his .emphasis on the 
additfonal changes imposed by man's activities 
stresses the ones that we are going to have to zero 
}n on and, quite possibly, the ones tjiat are inherent 
in the intent of the law. Maybe someone would car^ 
to raise opposition to that and engage Ray and me 
in combat. • 

Comment: I would, sir. In major engineering 
works, whether they're for Federal, State, local, or 
private purposes, we are imposing now (or are con- 
fronted with, depending on which side of the table ' 
you sit in the planning process) a requirement for 
an environmental impact statement 6r environ- 
mental assessment; one of the requirements in this 
matrix is to show that there's no degradation,^, if 
there is to be degradation, that it is" qtiantif iafWe, 
and further, to shoW that other alternatives were 
considered. 

Thi^^prpposal that you are making offers the 
lea^t. if we as professionals are unatle to 

quantify or to set a time frame, how can a major de- 
velopment such as the Cleveland Airport expan: 
sion, or the Transit Authority, or the Alaskan Pipe- 
line do this? How can this cost be levied on a reason- 
able, equitable, cost sharing basis? r 
Is it the man who comes first and says, "Thij. ' 
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piece of ground is to^be converted from a natural 
state for my purposes, therefore, I bear the cost/' 
Or, are the people who come later to "^hare to be 
charged a user charge, or, in the case of private in- 
- dustry, do we demand that all of the money be put 
on the tabl^nd say, "Y(5u want it, you pay'7 How 
can this b^TOie? . 

Mr. Johnson: tn many ways under many dif- 
ferent conditions, I presume. ! was part of the Alas- 
kan Pipeline efiort, and I hate to think of the num- 
ber of hours that several of us spent on that 
€[nvironmental impact statement on behalf of the 
Department of the Interior. In looking back on that 
one particulawffort, I'm glad there was a delay be- 



cause the engineering wasn't right in all respects. 
Corrections in design'have now been made. <^ 

0n your cost question, I don't have a good ans- 
wer, but this kind of question is usually answered 
^by three different types of inputs, finally somehow 
reaching s6me kind of a tripod agreement: the .bio- 
logical and' natural history input, the economic and 
social input, and the political and^adnfinistrative in- 
put. Thosfe three will have to get together and 
shape the decision on any one of these problems 
that you have raised. They may be differentdeci- 
^sions in each case, but the process may rem^n 
about the same. 
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Biological integrity may be defined-as the main- 
tenance of the community structure and function 
characteristic of a particular locale or deemed satis- 
factory to society. In this regard, two points de- 
serve particular emphasis. First, the assumption is 
made that all natural systems are dynamic and as a 
result are characterized by a continual succession of 
species, although the rate of succession may be 
quite different in different-systems. Thus, the pro- 
tection of -a particular specie^ however valuable 
from a monetary or other value system, may be 
counterproductive because it attempts to "f r,eeze" a 
dynamic system. The conflict between the protec- 
tion of systems ai^the protection of species is dis- 
cussed at length inCairns (1975) . 

Second, standards based on this definition of bio- 
logical mtegrity will be highly site specific. There- 
fore, while the criteria (nam^Hcmaintenance of nor- 
mal structure and function) will be the .same 
throughout the United St^es, thus maintaining the 
equality before the law philosophy, the standards 
for each particular Jocale, .even within a single 
state, may be different. This merely recognizes 
something that the Department of Agriculture has 
recognized since its inception, i.e., ecological condi- 
tions are not the same throughout the United 
States and attempts to ignore unique regional eco- 
logical conditions are stupid and doomed to failure. 
This would 'hardly be worth saying were it not for 
the fact tfiat environmental legislation continues to 
^ ignore regional differences probably because of fear 
I of the complexity of the legislation which take^ 
these into consideration. However, it is almost cer- 
tain that environmental quality control will be un- 
successful until regional differences are acknowl- 
edged. 

STRUCTURAL INTEGRITY 

it is not my intention to- attempt to discuss at 
length the literature showing that natural commu- 
nities have certain structural characteristics which 
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may be depicted numerically. However, we are all 
deeply indebted to such early investigators as Pres- 
ton (194S), Patrick (1949), and others. Also worthy 
of note is the equilibrium model of MacArthur and 
Wilson (1963) which showed how community struc- 
ture could 'be maintained despite the successional 
process. In addition to the scientific justification for 
the use of structuralMntegrity as a means of asses- 
sing pollutional changes, thete is also substantial 
benefit in communicability of results, since num- ^ 
bers are more easily understood by nonbiologists 
than an array of Latin names. 

Only three basic kinds oj information are pres- 
ently useful in the quantification of the structural 
aspects offejological integrity. These are (1) the 
number of species or other taxonomic units pres- 
ent, (2) the number of individuals per species, and 
(3) the kinds of species present. Within this frame- 
work* are such things as spatial relationships, den- 
sity relationships, and various trophic relation- 
ships. 

Indicator Spectes . , ' 

Biologists have long recognized that certain spe- 
cies tend to be found in certain habitats and, there- 
fore, the^presence of a certain species indicates that 
certain ecological conditions exist and the absence 
^of the species that these conditions do no^(assum- 
ing the species are' able to get there). This is, of 
course, an oversimplification but space does not 
permit a more detailed, discussion. It was probably 
inevitable that there would be an attempt to trans- 
fer this reasoning to the'assessment of pollution by 
stating Jthat certain species are found where pol- 
luted conditions exist, others where conditions are. 
semi-polluted, and stm another gfoup of species 
where healthy conditio?! exist. Unfortunately, pol- 
lution covers a much broader range of conditions 
than most habitats for which biologists predict with 
reasonable certainty that «ertain species will be 
present. 
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One of the principal faults with the indicator spe- 
cies concept is that a species may be very sensitive 
to thermal discharges but rather tolerant of a par- 
ticular chemical toxicant or high concentration of 
suspended solids, yet all are forms of pollution. A 
more extended discussion of these weaknesses ir^ 
the indicator species concept m^y be found ijf 
Cairns (1974a). 

However, if one has faith in the indicator species 
concept, one may collect the species from a particu- 
lar habitat or locale exposed to a^ presumed pol- 
lutant and determine the number of species in each 
of the various saprobic categories and either com- 
pare these to a reference area not exposed to the 
source of pollution or some other Reference aggre- 
■ gation of organisms. Using this approach, it is pos- 
sible to get a quantitative comparison of one area 
with.another area. Proponents of the saprobic sys- 
1;em have provided increasingly sophisticated/ 
analyses of the tolerance of various types of or- 
ganisms. . 

Although I do not believe that sufficient informa- 
tion now exists for most areas of the woijld to make 
the saprobic system functional, it does seem possi- 
ble that eventually a sufficiently large information 
base will revitalize this assessment method. This 
information base should include detailed informa- 
tioa about the tolerance of each species as well as a 
sufficiently large list of species to insure that an 
appreciable number will be found in each and every 
locale where assessments of biological integrity 
niight be made. Until the information base is 
broader than it is now, the saprobic system does 
not have general applicability. Since one probably 
jvill not know precis.ely what species are in a par- 
ticular area until they are collected, much valuable 
time wouldlbe lost if, after collection and identifica- 
tion were completed, one found no s^robic desig- 
nation for most of the species collected. 



The Patrick Histogr^s 

The histograms developed on the Conestog^^sur^ 
vey by Ruth Patrick (1949) and her colleagues at 
the Philadelphia Academy of Natural . Sciences rep- 
resentee! a major breakthrough in the quantifica- 
tion of the structural £tepects of biological integrity. 
The principal advantages of this method were: (1) it 
displayed the number of species ih^each of s^even 
major categories graphically; 12) it provided a crude 
means of distinguishing between' "norm^" abund- 
ance and "over" abundance; (3) it^perrhitted detec- 
tion of gross pollutional effects; and (4) its effec- 
tiveness was not markedly reduced by successional 
changes or small differences in habitat, which 
would be important if one were using species lists 
alone. ^ ' ' ^ 



The principal weaknesses of this method were: 
(1) a highly trained te^An of specialists in different 
taxonomic dis^Sfpiin^s was required and thus the 
method was difficult to use on a broad scale because 
of the lack of skilled specialists; (2) it only provided 
four major categories of "health" and very often 
the presence or absence of a few species might alter 
the designation from one category to another (this, 
of course, could be offset by an extended discussion 
which would complicate the communication prob- 
lem); (3) the time required to obtain the information 
often extended to months because of the difficulty 
of identifying certain species (of course, in an emer- 
gency situation this could be substantially short- 
ened, but nevertheless, the identification process 
requires at least several weeks). One should re- 
member that this method was developed over 26 
years ago and it should be judged in the context of 
its time— at that time it represented a major turn- 
ing point in the quantification of biological in- 
tegrity. 

A number of methods foUowed which attempted 
to reduce the number of the specialists required 
and the complexity of the Patrick histograms and 
retain the basic analytical thrust. Examples of 
these are the methods of Beck (1954, 1955) and 
Wuftz (1955). These latter methods combined 
elements of the saprobic system with the Patrick 
method and concentrated on a relatively narrow 
spectrum of the aquatic community in or^der to sim- 
plify identification and analytical problems. It is 
probably fair to say that they represented a varia- 
tion on already established themes and not a con- 
ceptual advance. The work of Gaufin and Tarzwell 
(1952) and Gaufin (1956) on.Lytle Creek, based on 
the same assumptions as, Patrick's, represented a 
major contribution in the quantification of biological 
integrity since it showed the quantitative jnd quali- 
tative structural changes that occurred when an 
aqu^ic-community had been severely stressed by 
pollu^on and underwent a recovery process. 



Beak Method 

The method developed by Beak, et al. (1959) was 
primarUy'for lakes but might well work in certain 
streams where there are one or two species persist- 
ing for a substantial period of time in substantial 
numbers. Essentially the method consisted of de- 
tef niining .the density of one or more established 
species in two concentric rings at different dis- 
tances from the' waste outfall. Changes in propor- 
tional abundance in these two Tings indicated poUu- 
tion since presumably there would be a concentra- 
tion gradient proceeding away from the outfall in 
much the same i^ianner j;hat ripples expand as they 
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leave the spot where a thrown stone enters pond 
water. 

There are several advantages to this method: (1) 
one does not- need a substantial amount of taxo- 
nomic expertise because only a few species are in- . 
volved; (2) the results are expressed on a graded 
scale; and (3) the method provides for determining 
with 95 to 99 percent confidence whether or not a 
significant change Occurred. 

Among the disadvantages are: (1) the chance that 
the organism or organisms one has selected may be 
highly resistant to the^ particular stress being as- 
sessed; (2) the **noise factor" in density assessments 
is often quite high; (3) one's test species may be 
wiped out by some natural catastrophe and leave 
one without any way of determining whether or not 
poUutional stress has occurred. 

Patrick Diatometer 
The diatometer developed by Ruth Patrick, 
* Matthew Hohn, and John Wallace (1954) repre- 
sented a substantial advance iif the quantification of 
the structural component of biological integrity be- 
bause with the use of an artificial substrate, it sub- 
stantially reduced the "noise factor" due to habitat 
differences and time of substrate exposure. In addi- 
tion, it used ^ more sophisticated method based on 
a log-normal distribution of species abundance de- 
veloped by Preston (1948) . 

Preston (1948) showed that for a sufficiently 
large aggregation of -individuals of many species, 
the species-abundance relationship often conformed 
to a normal law, after the individuals were grouped 
on a logarith'mic scale. That is, the observed distri- 
bution could be graduated by 



y = y^ exp — ■ (aR)^ 



(1) 



where y represents the number of species'falling in 
the Rth **octave" to the left or right of the mode, y, 
is the number of species in the modal octave,.and. 
V is a constant that is related to the Jogarithiftic 
standard deviation, o, by 



a2 = l/2o2 



(2) 



Preston's original method involved grouping the 
individuals into octaves with end points r = 1, 2, 
4, 8 . . . These end points were subsequently 
labeled. 1 through R, the total number of octaves. 
Those species that fell on a grQyp eijrd point were 
split equally between that octave and the next 
higher or lower octave. If an entire log-normal 
population is censused the curve extends infinitely 
far to the left and right of the mode and is sym- 



metrical. As Preston (1962) pointed out, however, 
species are not found infinitely far from the mode in-' 
either direction and he describes an intuitively 
reasonable method of determining the end of the ' 
real finite distribution of individuals and species. 

Given then, a complete ensemble or universe, the 
nature of the distribution can be ascertained. How- 
ever, it is exceptional in ecological work that a com- 
plete universe, or "population," or ^'community," et 
cetera is fully censused and in most instances one 
must' be content to deal with samples frqm a uni- 
verse (Preston, 1962). Provided that a sufficiently 
large random sample can be drawn from the uni- 
verse, tHe distribution will be truncated on the left, 
indicating that there are additional, uncensused 
species in the ensembfef although they may com- 
prise only a relatively small percent of the total. To 
census th^se species (i.e., to obtain the universe) 
would require extraordinarily large collections 
which, for practical purposes, would be out of the 
question. However, provided that ,the sample is 
large enough to ascertain the mode of the distribu- 
tion, both y, and o can be determined and thus, the 
extent of the complete, untruncated log-normal dis- 
tribution (i.e., the number of species in the uni- 
verse) . Deducing the universe from a random sam- 
ple is carried out by mean^ of internal evidence at 
hand and not by an external assumption; the uni- 
verse we deduce is based on the nature of our sam- 
ple (Preston, 1962). 

Species-abundance relationships are based upon 
two fundamental types of data: the number of spe- 
cies in the community or universe and the relative 
proportions of individuals among the species. For 
purposes of Quantifying these relationships it is 
• advantageous for the ecologist to be able to sum- 
marize his data in one or two descriptive "commu- 
nity statistics." When the data conform to the log- 
'normal distribution, the" obvious descriptors vmukL 
' be the logarithmic variance, o^ and J^, the mmiber 
of species in the biological universe. Othep^uitable 
parameters are a, a measure of dispersion, and y,, 
the height of the mode. The important point is, 
however, that the species-abundance relationship 
can be adequately summarized by one or two gen- 
eral parameters which facilitates quantitative com- 
parisoitNof tw6 or more communities. 

A number of difficulties arise if the log-normal' 
distribution is relied upon as the underlying theo- 
retical relationship of species abundance. First, it 
has not been shown to be sufficiently widely applic- 
able to ^11 types of biological ensembles, to date. 
Preston (1962) cites numerous ca^es where the log- 
normal is adequate and Patrick, et al. (1954) have 
used this distribution to describe the occurrence of 
diatom species in fresh and brackish water environ- 
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ments. Ifowever. these are limited applications of 
the theory and do not confirm its ecological univer- 
^sality. Biological ensembles of relatively small -ex- 
- tent usually require other methods of quantification 
since their distribution cannot be , graphed with 
' much success. ' 

Secondly, a larg^ iamount of data must be col- 
lected and censused, even for the truncated form, 
so that the mode of the.distribution can be exposed. 
*In some situations, this fact alone prohibits the use 
of the log-normal djstribution. Thirdly, the estima- 
tion of the parameters of the distribution, i.e., the 
mean and standard deviation, is difficult although 
computer programs for this purpose are available 
(Stauffer and Slocomb; manuscript in prep.). 

Th^se are the primary reasons that ecologists 
have turned av^^ay from this type of species-abund- 
ance quantification in favor of methods that do not 
depend upon the theoretical form of distribution of 
individuals among species. Indices based o^inpf- 
niation theory, although more difficult to vistiaiiLe 
biologically, have gained great popularity as de- 
scriptive measures of community structure. De- 
spite its drawbacks the diatometer method is one of 
the soundest available for the quantification of bio- 
logical integrity. The aquatic ecology group at Vir- 
ginia Tech has a substantial program designed to 
reduce some of these problems (Cairns, et al. 1974; 
Stauffer and Slocomb, manuscript in prep.). This 
indicates our belief that the method is basically 
sound and will continue to provide valuable infor- 
mation about biological integrity. 

Diversity Indices 

The diversity index is probably the best single 
means <^ assessing biological integrity in fresh- 
water streams and rivers. It is less effective and 
may efen be inappropriate in lalces and oceans. As 
a screening method for locating trouble spots in 
most flowing systems, it is sjjm^rb! Unfortunately, 
mai^y investigators looking for a single all-purpose 
method, use it alone when an array of evidence is* 
required. BeWare of the investigator who tries to . 
use a single linie of evidence of any type instead of ^ 
multiple lines of evidence to assess biological integ- " 
rity. A brief discussion of diversity indices follows. 

Diversity indices that permit, the summarization 
of "large amounts of information about the numbers 
and kinds of organisms have begun to replace the 
long descriptive lists common to early pollution sur- 
vey work. These diversity indices resu^t in a nu- 
merical expression that can be used to make com- 
parisons between communities or organisms. Some 
of these have been developed to express the rela- 
tionships of numbers of species in various commu- 



nities and overlap of species between communities . 

The Jaccard Index (190§) is one of the most com- 
monly used to express species **overlap." Other in- 
dices such as the Shannon-Weiner function (Shan- 
non and Weaver, 1963) have been used to express 
the evenness of distribution of individuals in species 
composing a community. The diversity index in- 
creases as evenness increases (Margalef, 1958; 
Hairston, 1959; MacArthur and MacArthur, 1961; 
and MacArthur, 1964). Various methods have been 
developed for comparing the diversity of com- 
munities and for determining the relationship of tha 
actual diversity to the maximum or minimujp diver- 
sity that might occur withii> a given number of spe- 
cies. Methods have been thoroughly discussed by 
Lloyd and Ghelardi (1964^ Patten (1962); Mac- 
Arthur (1965); Piefou (1966, 1969); Mcintosh 
(1967); Mathis (1965); Wilhm (1965) and Wilhm and 
Dorris (1968) as to what indices are appropriate for 
what kindfe of samples. An index for diversity of 
community structure afso has been developed by 
^ Cairns, et al. (1968) and Cairns and Dickson (1971) 
based on a modification of the sign test and theory 
of runs of Dixon and Massey (1951) . 

Diversity indices derived from information the- 
ory were first used by Margalef ;(1958) to analyze 
natural communities. This technique equates diver- 
sity with information. Maximum diversity, and 
thus maximum information, exists in a community 
of organisms when each individual belongs to a dif- ^ 
ferent species. Minimum diversity (or high redun- / 
dancy) exists when all individuals belong to the 
same species. Thus, mathematical expressions can 
be used for diversity and redundancy that describe 
community structure. . ^ 

As pointed out by Wilhm and Dorris (1968) and 
Patrick, et al. (1954), natural biotic communities 
typically are characterized by the presence of a few 
species with many individuajs and many species 
with a few individudfs. An unfavorable limiting fac- 
tor such as pollution results injietectable changes 
in commupity structure. As it^relates to informa- 
tion theory, more information (diversity) is con- 
tained in a natural community than in a polluted 
community. A polluted system is simplified and 
those species that survive encounter less compe- 
tition and therefore may increase in numbers. 
Redundancy in this case is high, "because the proba- 
bility that an individual belongs to a specids previ- 
ously, recognized is increased and the ai^nt of 
information per individual is reduced. ^ 

The relative value of using indices or models to 
interpret data depends upon 'the information 
sought. To see the relative distribution of popula- 
tion sizes among species, a model is often more 
illuminating than an index. To determine informa- 
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tion for a number of different kinds of communities, 
diversity indices are more appropriate. Many in- 
dices overemphasize the dominance of one or a few 
species and thus it is often difficult to determine, as 
in the use of the Shannon -Weiner information the- 
ory, the difference between a community composed 
of one or two dominants and a few rare species, qr 
one composed of one or two dominants and one or ' 
two rare species. Under such conditions, an index 
such as that discussed by Fisher, Corbet and Wil- 
liams (1943) is more appropriate. 

FUNCTIONAL INTEGRITY 

Only a limited effort has been made to a^eJs the 
impact of pollutional stress on the functiiirmg of 
aquatic communities. Nevertheless, it has become 
increasingly evident that approaches and methods 
to evaluate the effects of stress on the functioning 
of aquatic communities are badly needed. Func; 
tional characteristics of aquatic ecosystems such as 
production, respiration, energy flow, degradation, 
nutrient cycling, invasion Vates, et cetera are re- 
lated to the activities of various components of the 
aquatic community. The importance of these activi- 
ties is obvious yet the availability of methods of 
studying these activities is miniscule. 

The importance of being able to evaluate the ef- 
fects of pollutants on both the structure and func- 
tion of aquatic communities has been recognized by 
the Institute of Ecology's Advisory Group to the 
National (Commission on=i.Environmental Quality 
which has identified biological integrity as the pivo- 
tal issue in the assessment of pollution effects. 
Their definition of biological integrity (which this 
author helped prepare) emphasizes both the struc- 
tural and functional aspects of natural ecosystems 
and communities. In addition. The Federal^ Water 
Pollution Control Act AmendrAents (PL 92-500, 
Sec. 304) states water quality criteria should reflect 
the latest scientific knowledge on the effect of pol- 
lutants on biological community diversity, produc- 
tivity, and stability, including information on the 
'factors affecting rates of eutrophication and rates of 
organic and inorganic sedimentation for various 
types of receiving water. 

In general, assessing the impact of pollution on 
aquatic isystems h^ been troublesome. Community 
structure analysis has been preferred to investiga- 
tions of function in dealing with perturbation oi 
aquatic systems because its study is less time con- 
suming, better understood, requires less effort, 
and has become conventional. Community function 
has been avoided because methods dealing with its 
complex operation have been lacking. Further- 
more, field studies have been hindered by fluctuat- 



ing environmental quality plus the fact that the 
dynamics of systems are inherently more difficult 
to measure than the components themselves. 
Clearly ,^here is a need for the study of aquatic 
community structure. However, such studies pro- 
vfde incomplete information. Function must be 
coupled with community structure investigations to 
obtain a full understanding of the effects of poUu- 
.tion relative to the health of aquatic communities. 

Structural analyses in the form of species diver- 
sity, species lists, and numbers of organisms have 
not adequately filled the regulatory agency's need 
for information on the response of aquatic commu- - 
nities to pollutional stress. Diversity indices place/ 
values not on organisms which may be present in 
small numbers but on those which perform vital 
functions in the maintenance of community integ- 
rity. The symptoms of pollution may be masked by 
shifts in the dominance of some community mem- 
bers without substantially altering the diversity. It 
is also difficult to establish whether these shifts or 
changes are beneficial, detrimental, or indifferent. 
Because identical assemblages of organisms never 
reoccur in natural systems, there is no "true nat- 
ural fauna" which remains constant through time. 
The high functional redundancy of communities 
makes it possible to lose one or several poUution- 
sensitive species and still maintain adequate func- 
tion. Species lists and numbers give little informa- 
tion other than what is present in an aquatic 
community at any point in time. 

Function, however, provides better insight into 
the interaction of populations, the cycling of en- 
erg^, and nutrient exchange in a community. 
Ideally, any studies of communities affected by pol- 
lution 'should include both structural and functional 
assessment, as well as the possible interrelation- 
ships between the two components. 

.Although there is no body of quantitative 
methods for the assessment of the functional in- 
tegrity of biological systems there are a cumber of 
possibilities. A few examples of these follow (if I 
have left out your favorite method, don't write to 
me, use your energy to perfect its application in the 
determination of functional integrity) . 

Protozoan Invasion Rates 

It is possible that a determination of the invasion 
i:ate of a proto?oan-frep substrate placed in a fresh- 
water lake or stream may alone be sufficient to esti- 
mate the degree of eutrophication; if this is the 
case, a rather easily carried out assessment requir- 
ing only a.fe.w days will be^'avaUable. It is also 
highly probable, however, that additional useful in- 
formation will be gained from determining the time 
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to reach equUibrium even though this may require 2 
or 3 months in some cases. 

Since = 1966, Cairns and a number of associates, 
(principally Dr. William H. Yongue, Jr.) have been 
carrying out investigations involving, the coloniza- 
tion of polyurethane foam anchored in various por- 
tions of Douglas Lake, Mich., (e.g.. Cairns, et al. 
1969, 1973; Cairns and Yongue, 1974) and other sec- 
tions of the country ranging as far south as South 
Carolina (Yongue and Cairns, 1971). The purpose 
was to study the MacArthur- Wilson EquUibrium 
Model of the point at which the colonization rate is 
in rough equilibrium with the decolonization rate. A 
few years ago, when looking over the assembled 
data from 1966 through 1972, it became evident 
that the time required to reach an equUibrium be- 
tween these two rates had been steadily decreasing 
in Douglas Lake, Mich., from an initial period of ap- 
proximately Sleeks to a period of approximately 2^ 
weeks in 1974. 

Examination of colonization rates and the time 
required to reach equUibrium from other locations 
strongly suggested a correlation between the de- 
gree of eutrophication of the lake or pond in ques- 
tion and the time required to reach equUibrium. 
Cairns (1965), in a year-long study of the (^nestoga 
Basin carried out in 1948, noted that the mitial re- 
sponse of a freshwater protozoan community to in- 
creased nutrient loading was to increase both the 
number of species and the number of individuals 
per species. Further increase in nutrients might 
then lead to a decline in the number of species, but 
not necessarUy the number of individuals. This has 
subsequently been confirmed in a number of situa- 
tions. 

ZOOPLANKTON PHYSIOLOG^ 

AND Reproduction ^ 

In a time of increased power demands, more and 
more power giants are being constructed. Since 
large volumes of water are used for cooling these 
plants considerable attention hasj been focused on 
their effect on aq[uatic populations, especially fish. 
Very little work has been conducted on zooplank- 
ton, and many of these papers do not examine the 
interaction of temperature changes, chlorine, and 
physical damage. Most of these studies are only on 
acute mprtality. Chronic studies are virtually non- 
existent (Bunting, 1974)- Various methods have 
been proposed to examine the effects otentrain- 
ment but no studies have been done to determine 
effectiveness and interrelatedness of the methods. 

Such parameters as zooplankton physiology and 
reproduction might be useful in estimating the 
functional integrity of zooplankter$ in lakes near 



power plants. For example, oxygen consumption 
rates, ATP, and lipid concentrations could be 
changed. Filtering rate of zooplankters ihight also 
be determined by comparing algal counts at time 
zero and after a defined period of time (Buikema, 
1973a) using the equation 

These factors all affect reproduction rates (Bui- 
kema, 1973b) which could be quantitatively as- 
sessed in a relatively short period of time. Because 
many zooplankters migrate vertically in response 
to changes in light intensity, such functional assess- 
ments as rates of migration (Gehrs, 1974), response 
* thresholds, et cetera could be useful. 

Functioning of Benthic '^^ 
MacJroinvertebrate Communities 

Methods for the assessment of benthic macroin- 
vertebrate community function Jiaw unfortunately 
lagged far behind the development of those for the 
analy^ of community structure. 

A great body of literature has been amassed re- 
cently, firmly establishing the energy supply of 
many running water systems as largely heterotro- 
phic (Minshall, 1967, 1968; Vannote, 1970; Fisher, 
1971; Hall, 1971; KaushUc and Hynes, 1968; Fisher 
and Likens, 1972; Cumnuhs, 1972, 1973; Cummins, 
et al. lS73a, 1973b). Detrital-based ecosystems 
have been shown to be largely dependent upon lit- 
ter from their terrestrial surroundings for nutrient 
input and even the evolutionary dispersal of in- 
sects (Ross, 1963). The processing of dead organic 
•material passing downstream through a stream 
ecosystem is largely a function of primary decom- 
position by fungi and bacteria (Iversen, 'l9^3), and 
the selective feeding on detritus by invertebrates 
following microfloral colonization and conditioning 
(Petersen and Cummins, 1974). 

Aquatic macroinvertebrateS are important com- 
ponents in food webs of aquatic systems, being pri- 
mary and secondary consuipers, and' serving as 
food sburces for higher trophic levels. Very little in- 
formation exists on the functioning of macroinver- 
tebrate communities, and even less concerning the 
influence of pollutionttl stress on feeding patterns of 
invertebrates. The loss of an individual in a commu- 
nity with a particular leeding pattern due to poUu-' 
tion and its effect on community function have not 
been investigated. More studies to develop meth- 
ods for the as§essment of macroinvertebrate com- 
munity function are needed. 
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Identification of the importance of the major bio- 
logical components in Ihe process of reducing the 
initial detrital \omass couW be accomplished by 
artificially selecting against specific components in 
„ simultaneous parallel experiments, e.g., according 
to their size. Evaluation of the importance of each 
of the components can be based upon a number of 
parameters including:^ 

a. Standing biomass. 

b. Calorific equivalents. 

c. Efficiency of energy utilization. » 

d. Size^of food particles required. 

e. Specific interrelationships between the com- 
ponents. 

If simultaneous parallel experiments are con- 
ducted concurrently under exf>erimental (stressed) 
and control (absence of stress) conditions, patterns 
of the impact of stress should emerge. 



Autotrophic and 
Heterotrophic Functioning 

The autotrophic and heterotrophic components of 
aquatic systems have a vital and essential role in 
the regulation of the functional activities of aquatic 
systems. These two components of aquatic com- 
munities are intimately involved in nutrient cycl- 
ing, energy fixation, and energy transfer. In order 
to understand and predict the functional capabili- 
» ties of freshwater flowing systems, it is obvious 
that methods must be evaluated which allow a bet- 
ter understanding of the «bove activities. 
^The energetics of freshwater flowing systems de- 
pend upon two sources of carbon— carbon fixed in- 
teiMftallx via the photosynthetic activity of the auto- 
trophic community and carbon which enters the 
system from the terrestrial environment (i.e.^^al- 
*lochthonous material— leaves, et cetera). The utili- 
zation of either of. the sources is generally the rate- 
limiting step in the total energetics of the whole 
aquatic system. In addition, the availability and 
utilization of essenjtial inorganic nutrients in fresh- 
waterNtowing systems are governed to a large 
extent by the autotrophic and heterotrophic com 
ponents. While the autotrophic and heterotrophic 
microbial communities are fr^equently not studied in 
evaluating the impact of stress (pollution) on flow- 
ing systems, they have been shown to be sensitive 
and reliable indicators of environmental perturba- 
tion (Cairns, 1971K The reason that they have not 
been utilized extensively in pollution assessment in 
the past has been directly related to the difficulty in 
measuring- their structure ^a^d function. However, 
it is essential that approaches be. developed which 
allow us to understand and measure the responses 
of these vit^l components of aquatic systems. 



A. Nitrogen Cycle— Procedures permitting an 
evaluation of the process and role of the nitrogen 
cycle in flowjng fresh water should be further de- 
veloped^ although some excellent references are 
available (e.g., Brezonik and Harper, 1969; Klucas, 
1969'; Kuznestor, 1968 and Tuffey, et al. 1974). The 
ability of microorganisms to enzymatically trans- 
form one chemical species into another is well 
known. For example COg is reduced to organic , 
compounds and condensed phosphates can be 
brpken^down into phosphates and then the phos- 
Efhates can be coupled to organic molecules to form 
some extremely important biological molecules. 
However, nitrogen appears to be utilized in more 
Igrms by living organisms than any other element. " 

Nitrogen can exist in six different valence states 
and all six of these states can be utilized or pro- 
duced by microorganisms. In some cases there are 
sf>ecific organisms for specific ionic species suQh as 
nitrifying bacteria fgr NHg and NO2 or nitrogen, 
fixers for Nj. On the other hand a myriad of organ- 
isms may use NH3 or NO3. Microorganisms are also 
known to produce NH3, NO2, NO3, and organic . 
nitrogen compounds. Quite obviously microorgan- 
isms play an important role in the nitrogen cycle, 
and nitrogen plays an important role in the life of 
living organisms. 

The investigation of the nitrogen cycle or balance 
in a stream or lake is a viable approach for studjang 
functional responses at the microorganism level be- 
cause: 1) many if not all of the enzymatic reactions 
involved in the nitrogen cycle are heat sensitive; '2) 
many of the reactions are sensitive to heavy metals; 

3) many are directly affected by oxygen levels; and 

4) the analytical methods for investigating the mic- ^ 
roorganisms involved in the N cycle are fairly well 
known. 

B. Carbon Cycle— Rates of carbon uptake and in- 
corporation ^re integrally involved with'structure 
and function of autotrophs and heterotrophs in 
aqualic systems (Patrick, 1973; Bott, 1973). Knowl- 
edge of these rates yields information vital to the 
understanding of carbon cycling and assimilative 
capacity- in diverse freshwater flowing systems 
which are subjected to pollution (Saunders, 1971;'' 
Wetzel and Rich, 1973). Numerous techniques have 
been developed utilizing radioisotopes and the 
sioichiometrjc relationship betweeji oxygen con- 
sumed or produced in the system to carbon oxidized 
or reduced (VoRenweider, 1969; Hobbie, 1971). * " 
Enough variation exists in current investigations to 
make comparisons from investigation to investi- 
gation exceedingly difficult. The development ot ac- 
ceptable technique^ which are efficient and can be 
utilized in a variety of situations is oVerdue.*Data 
collected using a somewhat universal and standard 
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technique or method would be comparable to da£a 
collected in the same manner in other Investiga- 
tions. The value of such an approach could be real- 
' ized in information gained from the statistical com- 
parisons of diverse aquatic systems and poUutional 
regimeMSteel and Torrie, 1960). 

In an effort to develop such methodology for de» 
tennining the role of carbon in freshwater flowing 
systems, a variety of old and new techniques might 
be examin^. This could include development o) 
equipment and test chambers, evaluation of the ef 
ficacy of neutron activation analyses, autotrophic 
indices, plant and animal carotenoids, other pig- 
ments (xanthophylls, phycobilins, et cetera), ATF 
analyses, and other procedures (Margalef, 1960; 
Thatcher and Johnson, 1973). The development of 
procedures with the little-used isotopes (^^s, "p^ gt 
cetera to deternnine functioning of the heterotro- 
phic and autotrophic components could also be in- 
vestigated (Bott and Brook, 1970). 

C. Sulfur Cycle— One might develop a method to 
differentiate heterotrophic and autotrophic func- 
tion via the preferential utilization of organic and 
inorganic sulfur. Sulfiu*, as one of the macronutri- 
ents and an almost universal component of pro- 
teins, may be intimately involved with structure as 
wfell as function of flowing aquatic systems. Knowl- 
edge of uptake rates and utilization by the hetero- 
trophic and autotrophic components may yield valu- 
able information about reaction .rates and critical 
concentrations in these compartments (Vollen- 
weider, 1969) . Sulfur has recently been cited as a 
critical factor in the acidity of rainialf and runoff, 
pollution from acid mine drainage, and release or 
leaching of nutrient Cations such as calcium from 
the soil into aquatic systems (sulfate is the most 
common inorganic species in flowing systems). 
Many microorganisms and plants have the capacity 
to reduce sulfate to the oxidation state of sulfide for*' 
incorporation into organic materials such as the 
amino acids, cysteine and methionine (Rodina, . 
1972). 

The differential nietabolism of sulfur by hetero- 
trophs aftd autotrophs in aquatic systems could be 
determined using SO^ and tagged amino acids. 
Changes in community structure above and below 
polluting discharges could be monitored. It has- 
been shown that bacterial diversity and algal di- . 
versity are reduced by thermal discharges (Guth- 
rie, et al. 1974^ Rates of sulnir metab#Ksm above 
and below thermal effluents may be correlated with 
changes in diyersity and may be directly involved 
with the assimilative capacity of that reach of the 
stream. 



Historic Prospective 

^Iven if we quadrupled the number of methods 
available for the quantification of biological integ- 
rity, a very basic question will not be resolved— 
namely, what type of system will be used to provide* 
the baseline or reference numbers against which 
systems receiving industrial y^aste discharges or 
other forms of contamination may be compared? . 
The selection process is likely to be hampered by 
our failure to recognize that most of the continent^ ^ 
United States, particularly the area east of the 
Mississippi, is a man-altered environment. Two 0- 
lustrations will suffice to make this point. 

Each summer a jnumber of students and faculty 
members (frequently including me) journey to the 
northern tip of Michigan's lower, peninsula to spend 
a few months studying "natural" ecosystems at the 
University of Michigan Biological Station. Students 
and facul^/ are cautioned not to overcollect and up- 
set the-^alance of nature. Frememb^r vividly a 
stormy faculty session many years ago when one 
faculty member proposed experimental clearcut- 
ting on the station tract which was hotly contested 
by another faculty member who wanted to preserve 
the "natural environment*' for cCFfain plants. The 
present station director, David M. Gates, who 
spent his boyhood at the station, remembers from 
personal observation and from the journals of bis 
plant ecologist father, Frank Gates, the devastation 
that resulted from the vast lumbering activities 
characteristic of that area less tHan 100 years ago. 
Journals of early biologists report that it was al- 
most impossible to travel anywhere in the area 
during the logging period without seeing slash fires 
or smoke from them. Originally the Biological Sta- 
tion area was used by civil engineers because the 
vegetation had been so thoroughly destroyed that 
loni^; liT^GS of sight were possible. Only when the 
vegetation became partially reestablished and in- 
terfered with surveying was the area turned, over 
entirely to biologists. 

The second example is the area roughly between 
Allendale, S.C., and Augusta^ Ga., known as jthe^ 
Savannah River tract. This site was placed off 
limits in approximately 1951 by the Atomic Energy 
Commission. At this time the inhabitants of the 
town, Ellenton, and the other parts of the area 
were removed and the farms, homesites, et cetera 
were ffiostly allowed to revert to "natural condi- 
tions" following a brief occupancy by work cre^s 
during the construction phases. Some trees were 
planted and other assists were given to natural 
reinvasion, but mostly 4he process of change was 
"natural." Today the area abounds with wildlife and ♦ 
is and has been the focus of many ecological surveys 



ERLC 



173 



< 



Biological Integrity -A (^U^itajive Determination 



179 



and studies. Were it not for the AEC facilities still 
there, most ecologists would not hesitate to con- 
sider this a natural isystem and for the vast portions 
of the tract where no manmade structures are pres- 
ent, most ecologists would have no hesitation in 
carrying out an extended study of a "natural sys- 
tem/' The point of all this is that what we are will- 
ing to label as "natural*' systems often were at one 
time substantially altered by human activities and 
frequently underwent severe ecological perturba 
tiorts before reaching their present state. Thus, we 
should not hesitate to use as reference systems 
those we consider satisfactory even if they were 
once altered by human activities. 

ANTHROP0CENT^lIC CRITERIA 

One might also characterize biological integrity 
by determining the -ability to produce desired 
quantities of commercially or recreationally desir- 
able Sf>ecies. This could be quantified by comparing 
actual yield against an optimal yield. This might 
also be done for.pest or nuisance species such as bit- 
ing injects or algae that produce unpleasant tastes 
and odors in water supplies. Quantification in terms 
of aesthetically desirable species boggles the mind. 

Management Criteria ' 

Using the anthropocentric criteria discussed 
above, one niight also quantify the energy and ma- 
terial required to maintain the desired crops or low 
densities of pest organisms. One might rate a sys- 
tem from 1 to 10 on whether it provides desirable 
conditions **free" (i.e., no management costs) or 
whether it is a costly system to manage. This might 
be considered an operationatdefinition of biological 
integrity. 

Assimilative Capacity N 

* For the,pairposes of this djiscussion assimilative 
capacity is defined as the ability of a receiving sys- 
tem or ecosystem to cope with certain concentra- 
tions or levels of waste discharges without suffer- 
ing any significant^deleterious effects. I have a^ 
tempted to find other definitions of assimilativP 
capacity but unfortunately have failed to firfd any 
significant body of literature on this subject. 

A common position of those denying that assimi- 
lative capacity exists is that 4n introduced material 
will cause a change that would not have otherwise 
occurred. There is an implication that any change is 
necessarily deleter'ious. It jvould not be rational to 
deny that an ecosystem or a community of organ- ^ 
isms will respond to an environniental change^ 
whether caused by the introduction of wastes from 



an industrial process or a leaf dropping into the 
water from a tree. It seems to the detractors of the 
concept of assimilative capacity that the introduc- 
tion of chemicals and fibers in the form of a leaf is 
not regarded as a threat to the biological integrity 
of the receiving system (i.e., the maintenance of the 
structure and function of the aquatic community 
characteristic 6f that locale) but that the introduc- 
tion of the same chemicals and fibers via an indus- 
trial municipal discharge pipe would be deleterious. 
Some^f the same chemicals and materials present 
in Ic^es and other materials introduced naturally 
into ecosystems are also present in the wastes from 
industrial and municipal dischargS^ipes. Surely, 
within certain limits, an ecosystem can cope with 
these. Of course, for bioaccumulative materials 
such as mercury, the assimilative capacity of many 
receiving systems is almost certainly very low and 
for some probably .zero. Zero discharge of these 
types of polluting materials Js a highly desirable 
goal which should be achieved with dispatcft. For 
other types of materials the case against assimila- 
tive capacity appears to have no logical framework.^ 

The weaknesses of the argument against the use 
of nondegrading assimilative capacity are especially 
weak where heated wastewater discharges are con- 
cerned. Would a AT of O.OOl^C damage the biolog-^ 
ical integrity of the Mississippi River at New Or- 
leans or the Atlantic Ocean near Key West, Fla.? 
Or to phrase the question someWhat differently, 
would this thermal addition of industrial origin be 
more of a threat or even a measurable threat Jto the 
biological integrity of these ecosystlems than the 
natural thermal additions? Is a microgram of gly- 
colic acid placed into an ecosystem by an algal popu- 
lation less of a threat fb the biological integrity of 
an ecosystem than the sSnie amount discharged 
from an industrial or municipal wAst6 pipe? If you 
believe that there are some ecosystenis into which 
this amount of heat or glycolic acid might be intro- 
duced without damaging the structural or flinc- 
tional integrity of the ecosystem, then you camnot 
deny the existence of assimilative capacity even if^ 
there are a very limited number of ecosystems tor 
which you think this is possible. * 

A second aspect of the assimilative capacity cc n- 
troversy is the belief of some environmentalists 
that the ecological effects of society's activitie^^ 
particularly -those of industrial origin, can be for^^ 
ever contained. The position of people who proclair 
that we can have an industrial society from which 
nothing may be introduced into ecosysteYns is frra- 
tional. If one's outlook js towards treating each 
waste discharge in isolation from all others, rather 
than viewing it regionally, then it is quite evi i 
that the complete treatment of indu^rial w^ 
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will require substantial amounts of energy, an 
enormous capital investment in facilities, and a 
variety of chemicals to facilitate the treatment pro- 
cess if the process water is to be recycled for fur- 
ther use. This energy, chemicals for treatment, and 
materials for the construction of additional treat- 
ment faicilitie|^will all have to be produced some- 
where and the production process will produce heat 
and other waste products that cannot be forever 
contained. 

The critical question is not whether they can be 
introduced into the environment, thus taking ad- 
vantage of its assimilative capacity, but rather how 
and where they should be introduced into the envir- 
onment. If the detractors oHhe q^similative capac- 
ity approach believe that it is possible to have an 
industrial soAety without introducing anything into 
the environment at any place or time then they 
should show us in a substantive way how this can be 
done. If they cannot do this, then we should all col- 
lectively, address the problem of determining the 
assimilative capacity for different types of waste 
products and ecosystems rather than endlessly dis- 
cussing whether assimilative capacity does or does 
not exist,. If the antagonists of the concept of as- 
similative capacity believe that there is no way in 
which a harmonious relationship between an indus- 
trial Society and ecosystems can be achieved then 
they should tell us in more detail what to do next. 

There is no question that the use of assimilative 
capacity increases the risk of damaging the biologi- 
' cal integrity of the receiving system. Even the use 
of nondegrading assimilative capacity reduces the 
safety factor and this, together with the variability 
in assimilative capacity caused by changing envir- 
onmental conditions, makes ^ essential that contin- 
uous biological monitoring be ilsed by dischargers 
taking advantage of assimilative capacity. Thus, 
nianagemdnt and monitoring «osts are inevitable 
but may often be less expensive than advanced 
waste treatment costs. * 



Resistance to and 
Recovery from Change 

A. Resistance to Change— Some biological com- 
munities have a greater inertia or resistance to dis- 
eqyilibrium than others. The5;ability to resist dis- 
placement of structural and functional characteris- 
tics is a niajor factor in the maintenance of biologi- 
^ cal integrity. In order for a displacement* to be 
X. categorized as a loss of int^jjty it would have to 
«MCceed the range of oscill^ti 
apteristic of that system, 
ume are available these rn; 
determined with reasonabl 




or fluctuations char- 
jafficient funds and 
uctuations can be 
urapy. The^stress 



required to overcome^nertia is less easily deter- 
mined until an actual displacement has occurred, 
although one niight maRe an estimate from dose- 
response curves of important indigenous organ- 
isnis. However, the use of the "species of interest 
or import^ce to man" concept is dangerous since 
the response of that species to a particular stcess 
might- not -be representative of the response of 
other species in the system. At present we have no 
reliable means of quantifying this important char- 
acteristic of biological integrity. A very crude esti- 
mate of inertial rank ordering of major water eco- 
systems is given in Table 1 (from Cairns, 1974). 

Table l.--The relative elasticity (ability to -return to normal after 
being displaced or placed^ln disequUlbrium), inertia (ability to 
resist displacement or disequilibrium), and environmental stability 
(consistency of chemical-physical quality). 





Elasticity 


Inertia 


Environmental 
stability 


Lakes 


2 


3 


2 


Rivers » 




2 


3^ 




3 


1 


4 






4 


1 



high 

intermediate high 
intermediate low 
low > 



B, Recoveri' from Stress— Once a system has been 
displaced (i.e., altered structurally or functionally) 
the time required for the restoration of biological 
integrity is important as are the factors which af- 
fect the recovery process. Accidental spills such as 
the ones reported by Cairns, et al. (1971, 1972, 
1973), Grossman, et al. (1973) and Kaesler, et al. 
(1974) for the Clinch and other rivers will probably 
always occur in an indjustrial society. A crude index 
df dasticity (i.e., ability to 5nap back after displace- 
rnent) has been developed by Cairns (in press)*. A 
list of the factors important to this index follows: 

a. Existence of nearby . epicenters (e.g., for 
rivers, tributaries) for reinvading organisms. 

Rating system— one = poor; two = moderate; 

three = good, 
c b. Transportability or mobility of disseminules. 

Rating system— one = poor; two ^ moderate; 

three = good. 
> c. General present condition of habitat folljowing 
j)ollutional stress. ^ ' • , 

Rating system— one = poor; two moderate; 

three = good. 

d. Presence of residual toxicants following pollu- 
tional stress. 

Rating system— one = large amounts; two = 
moderate amounts; three = none. 

e. Chemical -physical wafer quality following pol- 
lutional stress. ' • 
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" Rating system— one = severe disequilibrium; 

two = partially restored; three normal. 

f. Management gr organizational capabilities for 
immediate and direct control of damaged area. 

luting system— one '= none; two = some; 
' three = thriving with strong enforcement^re- ; 

rogatives. * 

Using the characteristics listed above, which - 
must be placed into the equation in exactly the se- 
quence in which they are given ,*one can arrive at a 
rather crude approximation of the probability of 
relatively rapid recovery. This would mean that 
^somewhere between 40 and 60 p^f^cent of the spe- 
cies might become reestablishedninder optimal con- 
ditions in the^first year following a severe stress, 
bjetween 60 and 80 percent in the following year, 
and perhaps as many as 95 percent of the species by 
the third year.. Natural processes with esseptially 
no assistance from a management or a river basift 
group accomplished this on the Clinch River spills 
which y/eve studied by the Aquatic Ecology Group 
at Virginia Tech and the usefulness of this estimate 
hah alsoJjeen checked with data provided by some ^ 
acid mine drainage studies (Herricks and Cairns, 
1972. 1974a, 1974b) and seems adequate in this re-* 
gard as well. The equation follows: 

RECOVERY INDEXES axbxcxdxexf 
400„+ = chancesof rapid recpvery excellent 
55-399 = chances of rapid recovery fair to 
good ' ' ^ 

less than "55 = chances of ^rapid recovery poAr 

During^ the development of the simplistic equa- 
tion just given, considerably more complicated * 
equations were considered and rejected because 
the refinements seemed meaningless in view of our 
present state.of knowledge. On this basis one might 
reject even the modest effort just made. On the 
other hand there seems to be a very definite need to 
formalize the estimation of recovery arid one hopes 
that more precise equations properly weighted will 
evolve from this modest beginning. 

Conclusions • 

It is evident ,that no single method will adequ- 
ately assess biological integrity nor will any fixed 
array of methods be equally adequate for the di- 
verse array of water ecosystems. The quantifica- 
tion of biological integrity requires a mix of assess- 
ment-inethod§ suited for a specific site and problem 
(e.g., Iieated wastewater discharge). Since some 
ecosystems arelrfipre Complex than others and some 
stresses on biological integrity more severe than 
others the variety and -intensity of methods used 
,shoul^ be site sp^ific. Table 2 demonstrates a sim-" 



4 . 

pie version of a decision matrix for resolving these 
problems. 



Table 2.— Potential threat lo biological integrity. 



Ecosystem 
'Complexity 

Simple 1 ... 

IntermedXate'2 . 
Corrfplex 3 



Minor 
1 

2 
3 



Moderate 
2 

• 2 
4 • 

6 




A number Qne situation would requirel^s effort 
and fewer criteria than a number nine, Kiany ecolo- ^ 
gists will be unwilling to make the vahie judgments 
necessary for even the sirtiple example matrix. Un- 
less they dispute the assumptions which preceded 
the i?iatrix» professional pride should force them to 
do so because otherwise they will be forcing indus- 
try to ovferassess as a result of their insecurity and 
inal^lity to make distinctions between difficult and 
simple situations. 

' What is needed is a protocol indicating the way in 
awhich one should determine the mix of methods 
that should be used to estimate and monitor threats 
to biological integrity. A good example of this ap- 
proach is "Principles for Evaluating Chemicals in 
the Environment" (originally "Principles of Proto- 
cols for Introducing New Chemicals into the Envi- 
ronment") published in 1975 by the Environmental 
Studies Board of the National Academy of Sciences.' 
, A badly needed accompaniment is a national system 
for storing data gathered for such purposes which 
also insures greater standardization and compati- 
bility than is possible with present systems. It is 
also important that industrially sponsored studies 
of this kind be made more accessible to*the aca- 
demic community. This would insure that shoddy 
contractors would be exposed by academic criticism 
and reduce the money wasted by industry on these 
groups and would also expedite advancement of 
this type of assessment which would also benefit 
industry. ' 

While additional methods for quantifying biologi- 
cal integrity are being developed, industry and 
other dischargers into aquatic systems can take im- 
mediate measures to protect ecosystems. Until all 
currently available n:\ethods have been used there 
is no justification for complaining about the lack of 
appropriate methodology. A list of some useful 
methods follows: (1) A screening test such as the 
ORSANCO 24-hour test tp determine which l^tes 
require immediate attention and which may be rele- 
gated to a lo we?' priority. (2) A determination using 
the ORSANCO 24-hour or some other short term 
test of the variability of waste toxidty. Although 
there is some- variability in bioassays due to the 
nature of the test organisms, it is dwarfed by the 
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variability in toxicity of most industrial wastes. 
Some wastes may vary in toxicity as much as 10,000 
times from one sample to another. (3) A baseline 
ecological survey which is essentially an inventory 
of biological, chemical, and physical conditions in 
the receiving system, should be carried out at criti- 
cal points related to the discharge with, of cour/se, 
an^ unexposed area to serve as a reference or con- 
trol. (4) A biological monitoring of certain areas 
of the receiving system on a routine basis so that 
any deleterious effect can be determined rapidly. 

There exists a vast array of methods potentially 
suitable for the assessment or determination of bio- 
logical integrity, both structural and functional. 
One generally, thohgh not invariably, realizes the 
importance of theHWological entity being measured, 
(en this is not always the case. However, 
sho>yjng thatitsi^useful in the context of measuring 
changes in biological integrity is another matter. 
This is where biologists and ecologists haj^ usually 
dropped the bail. 

Most biologists and ecologists ^with classical 
training do not feel any responsibility to justify the 
appropriateness of a method or a -parameter being 
suggested as a monitor for biological integrity, be- 
cause they assume that if it is useful in ecology, and 
if classical ecologists recognize the importance of 
the measurement, then it must be appropriate for 
the assessment of biological integrity. We have all 
seen the endless "shopping lists'* resulting from a 
group of ecologists putting together a list of param- 
eters to determine the ecological imp^c^ of a partic- 
ular activity such as the construction of a dam. The 
methods often appear to*be assembled by a "stream 
of consciousness procesfe," or each of the ecologistsX 
present flushes his or her mind of all the methods 
known to him and requests th.at determinations be 
made. ^ 

Even when all this information is collected, clas- 
sical ecologists will often refuse to predict the con- 
sequences of the course of action anyway because 
the information is ofteif not gathered in an orches- 
trated fashion so that the data bits can be inte- 
grated and correlated. On such projects each in-^ 
vestigator goes his or her own way with little or no 
communication ^th other investigators or even a 
feeling of responsibility to see that data are gath- 
ered so €fi$it the needs of this particular assignment 
wftl be f^filled. What results is a series of inven- 
tories of varying scientific sophistication which are 
practically never useful for modeling or predictive 
purposes. 

The (Jetennination of biological and ecological in- 
tegrity is also hampered by the focus of attention on 
"pipe Mandards** rather than "receiving system 
standards." Thus, relatively little grant funding has 



been available from either governmental or private 
sources to develop methods for the quantification of 
the effects of pollution on biological integrity. One 
can obtain funding for purely "ivory tower" ecologi- 
cal research, but if one made the major thrust of 
this research the assessment of poUutional effects, 
it would almost certainly be disallowed by the more 
"ivory tower" funding agencies'. NEssion-oriented 
agencies have been focused on "pipe standards" 
rather than on "receiving system standards" and on 
chemical-physical measurements rather ^than bio- 
logical measurements. Although it was in indus- 
try's enlightened self-interest to support the devel- 
opment of such methods, funding from this source 
has historically been trivial. 

In addition to these difficulties, until recently 
there<^were relatively few scientific outlets for pub- 
lication of such investigations and very little aca- 
demic prestige attached to their production. As a 
result, most of the work was carried out by consult- 
ing firms or academic institutions which produced 
^proprietary mimeographed reports of their investi- 
gations. Thus, what little knowledge was generated 
in this field generally has been given very limited 
distribution in the form of ^proprietary reports 
which were rarely subjected to peer review and 
certainly did not go through the rigorous scrutiny 
that occurs when publication is through the usual 
academic outlets and subjected to printed rebuttal, 
et cetera. 

A brief statement of my own view of the condi- 
tions which produced our present state of disarray 
regarding the quantification of biological integrity 
follows. We do not know, in any scientifically justi- 
fiable sense, the characteristics of aquatic ecosys- 
. terns which are essential to the maintenance of bio- 
logical integrity. We also know practically nothing 
about the relationship between the structural and 
functional charact^tristics of natural ecosystems. 
Such factori as spatial distribution of species^ and' 
the factors which cause systems to oscillate both in 
structure and function are so poorly documented 
that it is difficult for us to say what is desirable and 
what is undesirable except in the grossest way. 
Furthermore, most of the systems in the conti- 
nental U.S. and particularly that area east of the 
Mississippi River have been in many ways substan- 
tially affected by man-initiated activities such as 
deforestation, flood control, agricultural activities, 
and so forth. Therefore, most of the systems with 
which we must work are already disturbed to some 
degree. 

However, all is not lost! Most of the ecosystems 
in England, for example, have been influenced by 
human activities for generations and yet we find 
them pleasing and acceptable. Other systems such 
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as the Thtoes RiveV >vere once sufficiently de- 
graded to be an objcKiUonable nuisance and havfe 
been restored by plani]i^^£4:i^lamation efforts to a 
condition wh&h, it rrot conip£u*?thle to tl^jj^imitive 
'or original condition, is nevertheless morepleasing 
and more acceptable as well as mo^e Useful to us 
socially. 

We are also able to estimate with re^nable pre- 
cision the concentrations of toxicants; wwdi permit 
survival and adequate function of aquatic or- 
ganisnxs which we consider important or rejK^esent- 
ative. Given our present situation with a prolif 
tion of chemical materials and a paucity of informa- 
tion on their toxicity, we might use as a reasonable 
working hypothesis that concentrations of chemi- 
cals and other potentially toxic materials permit- 
ting survival coupled with adequate growth and< 
reproductive success will also permit the organisms 
to function reasonably well in other important,, 
respects. 

We also know that aquatic communities sub- 
jected to pollutidfnal stress wOl undergo structural 
alterations of a predictable nature. We know that 
the number of species will be reduced and that the 
number of individuals in certain species may in- 
crease. We can assess, on a site specific basis, such 
important behavioral characteristics as the temper- 
atiu-e preference and avoidance of fish. Although 
. the methodology for the assessment of biological in: 
tegrity certainly could be markedly impi:oved, the 
use of the methodologies in which we have confi- 
dence' and a long history of effectiveness is still 
miniscule. 
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Coinrtient: Tve been fascinated with some of the 
workjthat you and your stud^nrtOave been doing 
using individual fish or smalKgroups of fish to moni- 
tor changes in water quality. At the outset o£ your 
talk^ you indicated that yoju didn't feel that single 
species could be used in ^ measure of biological in- 
tegrity. Would.you comment on that? 

Mr. Cairns:- You *re perfectly right. I probably 
should have covered this in the talk and it is in the 
paper. Single species are not a good index of biolog- 
ical integrity but can be used in an **eairly warning" 
System. The purpose of the single spe(|ies in our in- 
plant monitoring systems is to give aii^arly warn- 
ing of toxicity before the wastes aj^krmly reach the 
receiving^ system. This has ^some advantages but 



also all of the disadvantages of a '^representative" 
species. ^ ^ • • 

If an in-plant monitoring system showed biologi- 
cally deleterious changes in the plant waste before 
it vreaches the river, then you would have several 
options: (1) Shunt the waste to a holding pond; (2) 
recycle the waste for further treatment; (3) scale 
down th^blant oper'ations until the signal dis- 
appears) j( 

This in-mant information would have to be corre- 
lated to the^response of the biological community in 
« the receiving system itself. That is the way it 
should be used — not as a single species* index stand- 
ing alone. 

Perhaps Fm being too much the devil's advocate' 
in not relying on individual species. However, it is 
dangerous to over-rely on indivi/fual species. There 
is a role for them in in-plant monitoring systems, 
but never without being coupled to some monitor- 
ing system based on community structure in the re- 
ceiving system itself. Our in-plant and in-ecosystem 
monitoring units ate designed to be coupled to- 
gether. 

Comment: I was intrigued by your reference to 
using natural systems to accomplish tertiary treat- . 
ment, as opposed to manmade systems to accom- 
plish the less costly primary and secondary. Were 
you referring only to non-toxic kinds of material^as 
opposed to relying on nature to handle, say, chlor- 
inated hydrocarbons and heavy jtnetals? Also, do 
you feel that there is sufficient natviral assimilative 
capacity to handle all ofj man s municipal and indus- 
, triakvastes Beyond sec<^ndary treatment? 

Ml. Cairns: There arp several pdints to be ma(Je 
here. One is that it may not be possible for many 
systems to handle all of man's wastes because they 
are too sniall and/pr th^y are already Overloaded. 
One would have to decide on a site specific basis. 

As you point out, there are certain kinds of com- 
pounds which ar^ neither degraded nor dispersed; 
these m^y^undergo biological magnification and for 
these the*re is zero assimilative capacity. However, 
for most wastes many ecosystems have some as- 
similative capacity despite the zero discharge phi- 
losophy which^assumes that one can forever contain 
,.^tbe environmental effects of an industrial society. 
This' is not possible because very, very advanced 
treatment requires energy, chemicals, and equip- 
ment. 

The production of these will, ultimately, produce 
environmental effects somewhere. They will juSt be 
displaced from one site to another. I was trying to 
address that point in a very simplified fashion, but 
if there's no such thing as a natiiral assifciil^tive 
capacity, we're in real trouble! TIjiat would mean 
the end of industrial society. So even though we 
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have mostly anecdotal evidence and intuitive feel- 
ings that there is such a thing as assimilative capac- 
ity, we have no other choice but to assume nature ^ 
can assimilate certain types of wastes and trans- . 
form them. But if we don't define assimilative'^ca- 
pacity more vigorously the assimilative capacity is 
exceeded and then the ecosystems will collapse. 

We might set arbitrary standards for waste dis- 
charges based on general rules, and they might 
actually work and protect ecosystems, bi^t then 
we'll be underusing the assimilative capacity most 
of the time. We w^iH not be making full beneficial, 
non-degrading use of assimilative capacity, let's 
say, 364 days out of the year. Without information ' 
feedbacks about the con(iition oi tM receiving sys- 
tem good quality^control is unlikely. My feeling is 
that the money spent on getting feedback of infcy:'- 
mation about the response and condition of the re- 
ceiving system would be more than offset by the 
savings *in waste treatment if one linked the dis- 
charge operation to the receiving capacity. 

So, what weNshould b^ trying to dcG- really, is 
mesh two dissimilar systems. One is an industrial 
system operating under, more or less, the market 
ysystem and the ecosystem which is "controlled" by 
' environmental variables. We should be trying to 
get these two, system^ working together in some 
. optimal way for society's benefit; I feel that we can 
do much better than (we're now doing in that re- 
spect. ; " . - 

Comment: the Agency's Water, Quality 
standards program, traditionally, *has been b^ed 
on providing levels for chemical parameters wnidi 
is to*provide protection for instr^am water quality . 
Sand biota. 

Do you feel that is an ade^quate system to provide 
protection for aquatic communities, or 66 you iWik 
instream levels of .chemical « parameters must be^- 
augmented by bfological monitoring, some tj^pe of 
biological monitoring requirement in the water | 
quality standards themselves? 

Mr. Cairns: If you develop one standard for the , 
whole courttry, this fails to consider .how different , 
ecosystems are in various regions and that theise 
differences influence toxicity. 

Another important factor is that one shouldn't 
-regu}ateQfeee tpxicants individually and in iso- 
lation froni others. We aren't exposedJ^UiOxic in- 
sults one ara time and as organisms /eresnpnd to . 
fhe coUective^sults to our bodies ()lfe smol^, con- 
taminants in the water, and so forth). So do Aquatic 
organisms and other organisms. The. ^tempts to 
regulate one ^ress in isolation from the effects of 
other stresses won't work.. 

We should take advantage of the fact that natur^ 
commun^ffe^ summarize and integrate alltthese in- 



sults and give us a cumulative response. I agree 
thai we should make some attempts to estimate the 
thresholds of toxicity for individual compounds 
since this is useful information. It is.good* predictive 
information, but ultimately we must go to the sys- 
tem itself and study the cumulative impact and the 
integrated r'es|)onse. I can't see any other way out. 

^omment: I'd like to see you follow along a little 
in that. Can you give us sn idea of what level of 
training would J>e necessary to have the toxic peo- 
ple go Qut and do this sampling that you suggested 
and, obviously^ the money and manpower required^ 
to do that on^a national scale? 

Mr. Cairns: In today's dollars or tomorrow's dol- 
lars? 

Comment: T^ake your pick. 

Mr. Cairns: 'there are simple bioassays like the 
ORSANCO 24-hour bioassay. The round robins 
shpwed that it could be used by people who had no 
ptio? training. The seejuential comparison diversity 
index can be used by people with no fornlal taxo- 
nomic training. 

For such tests one can take high school graduates 
and, in one week, one can train them to produce 
useful, statistically reliable results. 

These technical people do better with the simple 
tests than Ph.D's because the Ph.D's get bored and 
the other people don't. For simple tests can use 
relatively untrained people, as long as they are dis- 
criminating and dependable workers. 

The aquatic ecology group at Virginia Tech has 
just developed ^ test using Daphnia for the Amer- 
ican Petroleum Institute which can be run quite 
well by people who have had other types of formal 
training (such as chemical engineering, sanitary 
engineering) but mth no training in bioassay 
methods. , - 

To cut costs we are going to automation in our 
own lab. We have a unit ^using laser holograms 
which ;vvill^ probably identify 8,000 diatoms, when 
it's working at full effectiveness, in Ie$s than 10 
minutes. Biologists, in general, have not taken 
advantage of computer technology and other (ypes 
of technology to cut costs in water quality assess^- 
ment. ''^ ^ . ^ * 

The in-plant system that Dexter just mentioned 
is being installed at the Cejanese Plant, Narrows, 
V^.,. with the Manufacturing Chemists Association. 
' The capital investment for that, if you already have 
a mini-computer, will be about $26,000 and jt can be 
operated by a high school graduate. The laser sys- 
tem would cost about $156,000 in today's dollars, 
.but could ^ used by many plants. The cost per an- 
alysis using autorpation will be relatively slight. 

For a complete stream survey using nine taxo- 
nomists, my guess would be $4,000 to $8,000 per 
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station for each examination. The "complete physi- 
cal" surveys are very expensive. Functional meas- 
urements ^could ^so be expensive, except for the 
simple rate processes. 

Comment: WeVe not only an industrial society, 
we're largely an* urban society. ThereVe' a-great 
number^! these sections doing area-wide studies, 
1 an awful lot of them underway around St. Paul. 

Many of the streams in urban areas are subject to 
large ^iment loads, lots 'of scouring due to runoff 
a priori. Can we establish biological integrity with 
those, Icinds of streams, because if the locals are 
going to be added, they will have to choose between 
alternatives. They will need some measure of what 
thought, or the possible results .to those alterna- 
tives'" wHeif you Ve talking about control of runoff, 
perhaps treatment and other kinds of disposal that 
are in place now. 

,^^^0 we have to take the physical scenarios of 
physical alterations for improvements? The s^me 
thing on chemical, do we equate those and then try 
to come up with the biological scenarios and possi- 
ble results, and then just lay them out and take 
your chanced? 

Mr. Cairns: I don t know if there is anybody h^re 
that can answer your questipfl. 

My guess wpuld be, if I understood your quest 
correctly, that in systems like the Ohio we'll never 
find out the original condition, so we must set 

^standards (^hemical, physical, and biologicali^that 
are satisfactory to us as a society. The various 



scenarios with, cost-benefit analyses oaajbe given to 
the general public or other decisionmakers for final 
choicef 

If you look at the ORS ANCO reports it is evident 
that the general water quality trend has been to- 
ward improvement of chemical-physical charac- 
teristics and they are getting more stable and 
more predictable. This resulted from an imple- 
mented regional scenario. 

Comment: I was talking about any of the much 
smaller water bodies that are around the country. 
We only have a few^ very large systems. In many 
areas the streams are much smaller, theyVe creeks, 
and bodies down to that size. 

A great deal of money could b€^ spent, but w# 
have to base some decision on biological integrity. 
^ Mr. Cairns: WeVe studying the South River with 
DuPonf in Virginia. It's a very small stream w^th 
very heavy waste loading. I believe we can evaluate 
biological integrity for this stream and develop 
practic^^l management programs to either improve 
or maintain present condition pf integrity. 

It would not be cost effective to restore that 
stream to its>original condition, but I think it is rea- 
sonable to restore the streajn to some more accept- 
ble condition before it joii^ the Middle and North 
Rivers to form the^ South^^rk ^f the Shenandoah 
River. There are acceptable means ^f determining 
biological integrity and developing management 
plans. Implementing then i^anouier matter. * . 
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INTRODUCTION 

Public pafticipation in environmental planning 
and in the decision processes that lead to imple- 
mentation o^spej;ific control actions onprojects, has 
pempeljed tradition-bound planners and designers 
to re-examine iheir techniques and tools. It ^ es- 
sential in today's world that the range of alterna- 
tive actions and/or strategies be widened, and that 
all viable choices that the body politic wishes to-con- 
sider be assessed before the choice b)e nifede. This is 
no small task, in. view of the complexity of the en- 
vironmental system, the. many constraints— eco- 
nomic, social, political, and technological— that 
must be considered, 'and 'our own limitation |^ 
understanding how out environn^ent actually be- 
haves. An awareness of these factors may cause the 
mo^ tjiniorous to abandpn all hope, but stimulate 
the *more adventurous to seek new techniques, 
methodologies, and tools for dealing quantitatively 
with* envuronmental management alternatives. 
Models of aquatic ec9systems are representative of 
such n^yv, tools. Properly conceived and structured, 
they can Become valuable adjuncts to the environ- 
mental planner's intuitive judgment and can be 
made to serve the public decision process. It is our 
intention in the discussion that follows to illustrate 
how such a tool miiy come into being and TOw it may 
be used. ' ' ' . ^ 

We propps^, furst, to present some basic notions 
concerning the behavior of the aquatic envirjpnment 
we wish to model. Then, we would fike to show how 
these .can be treated .conceptually to form the 
toodel. Given that such a model can be implemented 
(uid we will assert thdt it can, by citing actual ex- 
amples), we will illustrate its potentials by demon- 
stration in an actu'al case study. Bake Washington. 



IMPORTANT ECOLpGICAL 
CONCEPTS AND PROCESSES 

EuTROPmcATiON ' ^ ; 

, For the purposes of illustrating the development 
and utility of an aquatic ecologic model, let u§ con- 
sider an environmental management problem of 



current national interest— that of eutrophication of 
lakes. 

Eutrophication, the process of **aging" of^lakes, 
that ultimately leads to the conversion of a lake into 
a swany), is governed by many interrelated physi--- 
cal, chemical, and biological processes that may be 
modified by man. It is manifest to the nop-scientist 

>in thfe form of extreme symptoilas- proliferation of 
aquatic^ weeds, alg^ blooms, and fish kills. How- 
tever, to the trained biologist it is. seen as a delipate 
but complex imbalance between the nutrient sup- 

' ply to the systSfi^ind.indigenouig life forms. This 
imbalance may ^ a natural consequeribe, a slow in- 
exorable progression of nutrient enrichment of the * 
lake keyed-to geologic and climatic changes, or it 
may be artificial, accelerated by man through im- 
prudent intervention in the lake's nati^al hydro- 

, logic regimen, its ecosystem, or its nutrient supply. 

TrfE HYDROLCfGIC SYSTEM ' ' ' 

A fundamental building*block of the lake ecologic 
model is a capability to represent correctly the hy- 
drologic processes that determine the exchanges 
and balances of water, heat energy, and nutrients. 
Such a capability may be available in the form of 
data obtained by direct observation or may be rep- 
resented by another model, a hydrologic or hydro- 
dynamic **driver," that can* simulate .prototype be- 
havior. The minimum information we will need 
from this source includes temporal and spatial de- 
gibriptions ot wafer movement and" temperature. A 
number qf suitable models 'that will Satisfy these re- 
quirements have been dpveloped* and successfully 
applied in studies of thermal energy balances in 
lakes and reservoirs. We will not attempt to de- 
scribe these here, hut will refer^'the interested 
^reader to the rather substantia^lxKiy of literature 
' already extant.*'^' ^ 

:THE ECOSYSTEM' ' • . 

An aquatic ecosystem may be defined explic^ly 
in terms of specific living organisms and the envir- 
onment in which they live, including its spatial di- 
mensions and quality. However, for purposes of 
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model representation of ecosystems— of whatever 
form and. complexity— in the specific environments 
of a lake or reservoir, we may be well advised to 
consider first some general principles and processes 
that seem to be common to such aquatic ecosys- 
tems. As an aid in conceptualizing the problem/ a 
diagrammatic representat^pn of important ecologic 
interrelationships and processes for a lake environ- 
ment is shown in Figure 1. 

"First, let us recognize that the primary source of 
all energy to "drive" the ecosystem and to regulate 
life processes is the siypi. The sun's energy is deliv- 
ered to the aquatic environment as solar radiation 
that passes through the air-water interface and is 
distributed downward in accordance with, clarity 
and absorptive capacity of , the water. If photosyn- 
'thetic plants are present, this supply of energy, to- 
gether with certain (undamfental building blocks -for 
all living organisms, can be transformed by the 
process of photosynthesis* into biomass, i.e., living 
matter. *Such biomass, created hjf the so-called 
primary producers, represents a potential" energy 
source for higher forms offlfe who may by meta- 
bolic proc!i^sses transform it into th^r own biomass: 
This they may accomplish at. some net expenditure 
of energy that may be treated as a gain in entropy 
'fc>r the system as a whole. 

In a complex aquatic habitat we may identify four 
general groupings of life forms according' to their 
particular role in maintaining a viable ecosystem. 
Thesfeare: . 

1. Abiotic substances, including Hhose essential ' 
as building blocks of bioma^s'f such as the most ele- , 
;nental forms of carbon, nitrogen and phosphorus; 
alnd those that are necessary to sustain life, ^uch as 
dissolved oxygen and trace elemen^. y 

2. Primary producers, including^ autotp/phic or- 
ganisms sucl) as phytoplankton that canjnlcorporate 
abiotic substances into living 'cell material by the 
process of photosynthesis. ^ i . . 

* 3. Consumers (predators), including heterotrcH 
phic organisms such as zooplankton and aquatic ani- 
mals (nekton ^nd benthic forms) that utilize other 
biota and organit residues as basic energy sourcesV, 
and, 

' 4. Decomposer^, includirtf' bacteria in both liquid^ 
and solid (benthos) phases and fungi that VxeMT 
down residual organics to abiotic fornfe or to forms 
that ma^ be more readily utllize'd by consumers. 

Primary RRODUofiON ani> . 
Photosyntijesis^ 

The aquatic ecosystem functions under con- 
straints bf the availability of certain basic sub- 
stances,, e.g*, carbon, nitrogen, and phosphorus. 



and environmental conditions, e.g., light, heaty tox- 
icants, et cetera that may be regulated exogen- 
ously. In addition, the quality of the eqviroffment, 
determined in part by the ecosystem itself, may set 
limits on the system's performance. For example, 
the failure of decomposers^ to break down organic 
matter accujuulated in the benthos may bring^on an 
anaerobiosis with attendant depression of dissolved 
oxygen and formaftion of soluble toxic compounds. 

Primary producers, like free-floating algae or at- 
tached aquatic plants, utilize the sun's energy and 
abiotic substances to synthesize new cell matenal 
through photosynthesis. A relatively simple defini- 
tion of t Aphotosynthetic process is given by the 
^ approximate stoichiometric equation 



5.7CO2 + 5.4 HjO + NO; 



light 



algal cells 



CsTH^aO^^jN + 8.25 O2+ OH" 



(1) 



This relationship is derived Jrom ^ f)asic consider- 
ation bf the driving mechanisms of photosynthesis 
ahd empirical evidence as to the approxiipate com- ^ 
position vjOf algal cell material (neglecting phos- 
phorus-SiiHcace elements). While the actual pro- 
cess is far • more complex th^ the ^quatioil^ 
suggests, most of the basic factors that relate algae 
to th?ir aquatic habitat are represented. Itis^een 
that the essential driving force for the orocess (re- ' 
action) is^splar energy (light). Algaf^lls are cap- 
able of utilizing this energy source to build new 
cells from carbon dioxide, water, apd nitrate. In the 
process, eleniental oxygen iS given off and an alka- 
line environment (often favorable to optimal algal 
growth) is created. Oxygen goes into solution and' 
thtis facilitates, maintenance of an aerobic aquatic 
environment. Assuming the reasonableness of the 
equation stoithiometrically, we m^iy estimate that 
^ about J. 9 mg/Iot dissolved oxygen are produced for 
' each mg/I pt neW cell material. Similarly, for each 
unit of oxygen produced,, an apprwcimately equal 
weight of carbon dioxide must be available^ 



GROwiH. Respiration 

AND MORTALITY ' 



The pro!<:ess described" 6y equation (1) is.e3sen- 
tially one of phytoplankton growth, an increase in 
biomass. But, as for all living things, 11^ is sus- 
tained on a steady ba^sis by utilizing; stored energy, 
the process of respiration. This occurs |aore or less' 
continuously, but is 'the dominant process when 
photosynthesis *tops, J.e,, in the absence of^light. 
Respiration may be treated as a loss of biomass, 
normally at a rate of 5 tol5 percent of total growjh. 
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Algal cells gro^ respire; mature, and die. 
tality rates depend on^ environmental conditions 
J.e., heat, toxicants, e^cet^a, and since these a^e 
likely to vary seasonallK mortality* may at times 
dominate the life processes of algal cells. 

The rates of algal growth, respiration, and mor- 
tality determine the net rate at which the total pop- 
ulation, the standing crop, changes. This .may be. 
expressed simply by 

Net Growth Rate of Bidmass = [Growth— 
Respiration — Mortal ityl 
Each of the terms representing growth, respira- 
tion, and mortality may be modified by factors tlSt 
indicate the influences of the environment, for 
example, temperature, toxicit^^, and the availabil- 
ity of essential nutrients. 

Algae-Bacteria Symbiosis ' 

j[The loss of viable alga) cells from the system 
mfeans a loss of biomass in a complex form not 
readily utilizable by other biota, certainly not by , 
algae thepiselves. To maintain the ecosystem in a 
viable condition in the face of limited supplies of 
essential nutrients, it is necessary tp break down 
dead algal cells and return basic nutrients to the 
system in abiotic form.. This is the role bf the de- 
composers, who live in a symbiotic relationship to 
primary producers. 

Consider the biodegradation of an organic com- 
pound (dead algal cells, for example) comprised 
essentially of C, H,' 0, and N. In an aei^obic environ- - 
ment bacterial decomposition of such a compound 
^ niight proceed generally according to 

CAO.N, + AO, ^^^^ 



Predation 

Grazing by higher trophic levels plays an impor- 
tant role in regulation of populations atJower levels 
while propagating energy upward in the food chain. 
I^or example, rapid growth of algae may trigger a 
corresponding but somewhat slower reaction in 
zooplankton standing crops, increasing the availa- 
bility of their primary food supply. Generally, the 
higher trophic level grows slower and is less effici- 
ent in energy conversion, so biomass (energy) is 
lost from the ecosystem. Peak growth of the preda- 
tor occurfe later, lags that of the prey, and fluctua- 
tions in biomkss are usudly not so great. Also* zoo- 
plankton may seek alternative food sources, for 
example, „ organic detritus, when algae are not 
plentifuK ^ey have a cer^tain motility, at least 
vertically in the system, enabling them to be some-* 
what discriminatory in what they eat. 

A predator may shift its feeding preference from 
time to time, depending on environmental factors 
and availability of food supplies. For example, zoo- 
plankton may prefer algae, but when stocks run 
low, due perhaps to over-grazing, they may shift to 
detritus as a food source. These relationships can 
be incorpgrated in the ecomodel structure b^ mak- 
ing .the growth in bioihass of the predator a function 
of the availability of both the prey and the alter- 
native food source. The rate of change in prey bio- 
mass will according^ be diminished by loss to pre- 
dation, with an aljowance for the "digestive 
efficiency" of the predator in converting the prey*s 
biomass to his own. 

Environmental Limits on Growth 
Light \ k ^ 

Photosynthesis requires light and the rate at 
which the process of energy conversion to biomass 
^akes place is regulated by light intensity. InHhe 
absence of light, 6r at very low levels of intensity 
such as may exist deep in a water body, there can 
be^ho^primary production. Thus, photqsynthesis is 
, keyed closely to diurnal and seasonal fluctuations in 
radiation,, and is affected by enviro^imentalcondi- 
tions that ixiay inhibit the transmission oflight into 
Jthe habitat of photosynthetic plants. FoY example^i 
the suspension of isolid matter in the 'water, either 
by natural forces ^r by the actions ot man, may 
inhibit photosynthesis or cause it to cease alto- 
CO2 produced goes into solution to contribu^eJo_gether. In certain instances, even^ the excessive 
the reservoir of this basic requirement for algal 



bacteria 



organic 
matter 



oxxgen 



(2) 



X CO2+ y HjO + z N H3+ new bacteria cells 

carbon water ammonia 
dioxide 

This statement of the decorhpoation process indi- 
cates that proteinaceous material ma7 bfe oxidiz^ 
hiochemically to produce carbon dioxide, water, 
and ammp.nia. The oxygen needed may , be supplied, 
in' part, by photosynthesis (equation (|>jL while the 



growth. Ammonia may beiurther oxidized by bac- 
teria to nitrite and then to nitrate,' likewise con- 
uting to algal needs. The symbiosis between 
teria and algae is the fundamental relationship 
between decomposers and pj-imary producers. 




growth of algal cells can reduce Hght penetration,* 
i.e. , the growth process may be.«^nlimiting. 

Nutrients^ ^ ^ 

^§ae need certain essential nutrients to, build . 
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» biomass. To sustain growth of new cells there needs 
to be a continuously available supply of carbon, ni- 
trogen, and phosphorus, for example. This can be 
from exogenous sources, e.g., waste water dis- 
cfiarges to the lake, or it can be supplied by recycl- 
ing of nutrients through the complex ecosystem of 
producers, consumers, and deconiposers, as'iHus- 
trated schematically in Figure 1. 

If any essential-nutrient is deficient in the sys- 

' tern, the growth rate, i.e.,^ th^rate of production of 
new biomass, may be regulated to conform to the 
available rate of supply, even though other nutri- 
enfe may be present in abundance. Thu's, an ecosys- 
tem may be characterized as "nitrogen limiting," 

^ indicatmg that growth can be controlled by regelat- 
ing ihis critical nutrient. However, it ma> come to 
pass that as nitrogen is added to the system, a po\i)^ 
will be reached where phosphorus or carbon sup- 
plies wili gQvern, and a new growth regulator takes 
over. Actually, there may be several regulators of 
growth operative simultaneously and varying in 
control with time'^ place, and otiier environmental 

.conditions. Such complex' processes are difficult to 
describe mathematically for the purposes of ecosys- 
tem modeling, but empirical ret^tionsMps have 
b^en developed that give a reasonable^ccount of 
the effects of growth limiting factors.^* 

^^mperature * 

• All .biologicarprocesses are temperature sensi- 
' five. At temperatur^extremes/^ither high or low, 
they may virtually i^ease. At intermediate levels 
they may proceed at maximal rates, the Optimum 
'rate for a particular biological process dep^dingon 
> the biota. In natural unstressed environments biota 
ten^>to be better a(lapted by natural selection pro- 
/ cesses to the range of temperatures on the low side 
of the maximum. Hence,.extremes of high-tempera- 
iures tend to impose greater stresses, perhaps ulti- 
niately leading, to the demise of the^ ecosystem\ 
Fortunately, the lar^e spatial variebility of temper-, 
atures in lake systems and the heat exchange pro- 



' cesses between water and air mitigate temperature 
stfiat 

lapse* 



extremes* tffat axe likely .to cause ecosystem col- 



Temperature effects pn the^ rates of biological* 
process are generally well known.from experience.. 
Likewise, £ech^qve§ jor , predicting temperature 
) , changes 3n lake systems are fairly ^well developed. 
Hence, the. effects of temperature on the lake eco- 
system can be incorporated in tlie ecologic model in 
a straightforward manner. • ^ 

'K '^Toxicity 

. Most naturally owarring substances are toxic to 



living organisms at' some concentration, but at' 
lower levels they may actually be biostimulatory. 
Thus, there may be a threshold range over which 
the-organism may function at near optimum levels, 
at least without inhibition of essential physiological 
processes. Such thresholds are known for certain 
compounds and species of organisms under con- 
trolled laboratory conditions although little is 
known as^yet about the complex interactions that 
take place in natural environments with real eco- 
systems. 

MODEL DEVELOPMENT 

The development 'of a lake ecologic model pro- 
cee'ds logically througli a succession of steps, more 
or less as follows: 

1. Statement of goals and objectives. 
- 2. Conceptual representation of the prototype. 

3. Functional representation 'in mathematical 
form of hydrologic, water quality, and ecologic pro- 
cesses. 

4. Computational representation in program- 
ming language for simulation on- the digital com- 
puter. ' 

• 5. Calibration of model against performance of 
prototype. - ^ 

6. Verification of model's predictive capability. 

7. Sensitivity testing of moijel's performance. 

8/ Documentation and pr^paratioj^ of u^er man- 
uals. ♦ 
9. Application to prototype cases. t.. 

The nature of each of these steps and their interre- 
lationships has been d^escribed in dcjtaU elsewhere.* 
It may, suffice for present purposes toisummarize 
briefly a^fejyv of the more salient considerations. 

Goals "and Objectives . 

- Questions of whols to use the modehand for what 
^purpose are primary considerations in model d^el- 
opriient. The academic may use the mode^as a ve- 
hicle of education and instructiorr^ The scientist 
may see it as a means for comprehending the com- 
^plex interrelationship of processes and systems and, 
*for defining areas for .future research. The; plan- 
neT-decisionmaker may wisji to u^ it as a means for 
evajuating alternatives. / * * 

In each instance, the requirements of reality with 
respect to the prototype are different. These, in 
'turn, determine the temporal and spatial scales to 
be used, the data required, and sometimes even the 
computational methods employedl Accordingly, the 
4ijne of ^development and cost are fixed by the de- 
gree of realism desired. < 
It must be re(^gnized that despite the obvious 
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tradeoff between realism and cost, there are prac- ^ Formulation of the model entails identification of 
tical limits of existing knowledge and technology all pertinent quantities and processes and the pa- 
that may preclude carrvincr dpvplnnmpnt h^^r,^r^A rameters and coefficients that characterize them. 

One may gain son^e perspective of these for the lake 
ecologic niodel by inspection of idealized ecologic 
.relationships depi^ied in ^Figure 1. In the upper 
sketch the various ecologic interactions are illus- 
trated in the customary pictorialization of the 
aquatic biologist. T^he trophic levels identified in- 
clude primary producers, both ^gae and rooted 
aquatic plants, zooplankton, pelagic and rough 
fishes, benthic aniipais, and bacteria, (decom- 
posers). Processes implied, in adciition to advection 



that may preclude carrying development beyond 
certain limits of detail and sophistication. Often a 
simple model, wisely used, is much superior to an 
elegant model- inexpertly applied. After all, the 
model is not ja substitute for judgment, only a 
means to enhance it if that capability already 
exists: 

Conceptual ajnid Functional Representation 
C!onceptual representation of the prototype en- 
tails determination of the^ spatial and temporal 



v^peles at which the model will be constructed. In a and diffusion associat^ with the hydrodyriamic be- 



deep lake or impoundment that experiences strati 
fication it has been found by experience that the 
w^ter body may be represented spatially as a series 
of horizontal lamina, i.e., slices, of equal thickness. 
These are arranged as a "system" along a vertical 
axis, as illustrated in Figure 2, a geometric repre- 
sentation of a stratified reservoir. 

Within each control volume the properties of the 
water mass are<onsidered uniform over some time 
int'ervd appropriate to the rate processes being 
simulated. In the case of ecologic processes the time 
interval may be as little as one hour, although it is 
often convenient to use one day time steps. 



tributary 
inflow < 



tributary 
inflow w 



evaporation 




''outflow 

Figure 2. - Geometric representation of a stratified reservoir. 



havior of the lake, are photosynthesis, growth, res- 
piration, mortality, predation, decomposition, re- 
aeration, oxidation, anil sedimentMion. Exogenous 
inputs to the system iiiclude sunlight,-* oxygen and 
carbon dioxide, sedin^ent, and nutrients. 

In the' lower sketch the ecosystem, is .concep- , 
tualized in the style adopted by H. T: Odum * as a 
network of compartments (labeled P„ P^, Z, F, et 
cetera) joined by energy flow pathways. Following 
roughly the same spatial orientation depicted in the 
upper sketch, this schematic represeritatton shows, 
by the direction of the arrowy <5n the energy path-, 
ways, the flow of energy upward from primary pro- 
duce^^ (P, and Pj) through a succession of con- 
sumers (Z, Fj and Fjl/to ultimate harvest (H) by 
man. Within the system there is passive stor^age of 
"certain constituents (oxygen, detritus, sediment, 
arid nutrients, represented by the symbols 0„ O2, 
D, S„N„ and respectively). Changes in storage 
occur as these quantities are supplied (e.g., photo- 
synthetic production of oxVgen) or consumed by * 
biota (e.g., grazing of detritus by zooplankton)* 
Sediment is seeji to accumulate on the lake bottom 
(S), providing food for benthic animals;(B). Thes^^ 
in turn (with'the aid of bacteria), Veturn nutrients 
(N2) to the aquatic system. Benthic animals are 
food for robgh fish (F^) that -in turn ihay be har- 
vested. It. is noted' that certain life processes are 
regulated by the availability of food (basic nutrients 
or biomass) and, environmental factors like heat, ' 
light, and toxicity. i . . 

Computational REPRESENTATiojIji ^ 

This activity involves conversion, of the model 
formulation into a computer program that permits 
simulation on the computer. 1 

"•• • - 

Calibration. VERfFiCATiON and I 
Sensitivity Testing ' ^ i ' 

These activities are preparatory to mode^.ap- 
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plication. They are intended to establish the relia- 
JriKty oHhe niodeLas a representation of the proto- 
type, using data derived by direct observations of 
the real system. t * 

Calibration entails adjustment of the model until 
it, simulate? prototype performance within some 
' preset limits of reliability. 

Verification involves checking model perform- 
ance against the prototype without prior J^nowl- 
dge* i.e.L predicting prototype behavior. 
Seiisitifity testing entails determining the relia- 
bility of the model under variable conditions of in- 
put data, level:^ of 'coefi{cients, spatial and temporal 
scales, etcetera. 

Documentation 

This important step involves careful specification 
of the computet program and user instructions so 
Chat others may use the model. 
♦ 

Appucation - 

A{)plicatipn of the m3deHs^ a continuing activity, 
involving-simulation of prototype behavior for the 
piuposes of evfduation of alternatives. It .is best 
plustr^ed for our purpose^ here by discussion of an 
■ actual c^e study, that of Lake, Washington.^ 

LAKE WASHINGTON CASE STUDY , 

'Lake Washington ^LOGib MopEL 
. ' The concept^ described 'above have been tran- 
slated into a working ecologic mbdel adaptable to a ^ 
wide variety of aquatic systems, including strati- ' 
fied lakes. The first application of the model to a 
limnological system. Lake Washington; *was per- 
formed as a p^rt of testing during the development 
. pjogram sponsored by the Office of Water Re-* 
sources Research (OWBR). The model was^struc;^ 
tiired according to the concepts illustrate^ in ^ig- 
uresl and 2 usiYig the Deep Jleservoir Temperature 
Mo5fei developed previously by Water Resources 
En|ineers, Inc.,* a basic building blo^k. In es- 
sence> the mbdel in this form is one-diniensional, 
^escribingxthe temporal distribution of all water 
quality and ecologic parameters over the annual 
cycle and along the vertical axis. ^ ** ^ 

Water quality and ecologic parameters included 
in the Lake Wasltkigtlh Ecologic Model are as 

follows:" r \ i ^ 

Abiotic Substances aM Physical-Chemical Pa- 

rameters 

Nitrogen as * 



<5i ^ 

nitrite * 

nitrate 
Phosphorus as phosphate 
Carbon dioxide 
Oxygen 

Total dissolved solids. 

Temperature 

Alkalinity 

pH • r 

Sediment ^ 

Detritus 
Biota and Biological Parameters 

Biochemical oxygen demand (BOD) 
. .Colifom bacteria ^ ^ ' 

Phytoplankton as 
large green algae 
small green algae 

Zooplankton ^ 

Nekton as . 

coldwater pelagic fishes , 
warmwater {)elagic fishes 
demersal (bottom) fishes 

Benthic animals' 



ammonia 



SELEcmoN^OF Case Study ^ - • , 

Among a number of candidates for Resting of tlie 
model concepts developed in the OWRR, project. 
Lake Washington proved to be an outstanding 
choice for two reasons. First was the- lakers unique 
experience over several decades, during which it ' 
was subjected to a wide rang^ of pdlutional stress. 
In the late 1950*s and earjy 60*^ the lake reached an 
advanced state of nutrient enrichment due pri- 
marily to direct discharges of treated wasteNvaters, 
coupled with periodic overflows from Seattle's com- 
bined, sewer system. During the siimmer months . 
until about 1965, algal blooms were experienced 
fre^en# M levels in the' visible range. In^t^ 
early GO'S there was increasing evidence of impenia^ 
ing disaster »to aquatic life; dissolved oxygen leveW 
in the hjpolimnion* dropped well below; the levels 
require,d to sustain fish life and a steady" downward 
trend was observed in each succeeding year. 

' In 1965, however," Seattle's METRO went into 
operation, coMecting wastewater discharges and di- 
verting them la Puget Soupd. At about this sapie 
time, steps we^re initiated J^CLinininiize combined 
sewer overflows, thus feducing accidental enrich- 
• ment of the lake. The effect on the lake was dra- 
matic; in the following year peak levels of algae pfo- 
jjuction dropped so that no blooms in the visible 
range were recorded/ An obvioiis improvement in 
, water quality was registered throughout the lake, 
. particularly in reductions'^ in the level^i of nutrients 
available to support algd cell synthesis'. 
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Perhaps equally important in choosing Lake 
Washington as a test case was the existence of an 
excellent body oj field data, collected by W. T. 
Edmondson and his associates of .the University of 
Washington. T^i^se data, including the primary nu- 
trients, temperature, dissolved oxygen^ and 
chloroJ)hyll concentrations, provided the basis foe 
coniparing model and prototype performance, i.e., 
evaluating the predictiye capability 6f the model 
and calibrating it to prototype conditions. Time and 
space do not permit an exhaustive- discussion 'of the 
nrt^y copiparispns that were made; however, a few 
examples may se'fve to illustrate the model's per- 
fotmance in this initial application. ' - 

Figure 3 illustrates the annual tycle of dissolved ^ 
oxygen distribution in the lake for hydrologic and 
waste discharge, conditions corresponding to the 
period 1962 63, just* prior to wastewater diversion 
by METRO. While there are local differences be- 
tween" the simulated and observed distribution of 
dissolved oxygen, the general pattern of progres- 
sive, decliae seems to be w^ll described by the 
model; especially deep in the impoundment where 
oxygen resources are noted to drop ste'adily over 



the year to betow 4 rng// by late fall.^ Apparently, 
the.modtel predicted 'a great^ degrjee of ,5ttratifica' 
tlon than occurred in the prototype, as evidenced 
by the gojnewhat lawer D.O. levels calculated for 
the^middte range/pf depth. This is borne out by a 
comparison of temperature distributions as weD. 
No attempt was made In this preliminary study to 
calibrate the mt>del to the field data, although if this 
had been done, closer agreement could surely have 
been obtained. 

. Of special interest, of course, is the»temporal var- 
iation in algal biomass in the epilimnion of the lake 
diiring the period oLnutrient enrichijient. Figure 4 
is illustrative of Ihe annual cycle of algal biomass^in* 
the upper strata of the lake* as simulated, by th^ 
mod.el and obser\^d in the*prototype. The solid line 
j'epresents the^odel prediction of algal biomass for 
predischarge conditions of .the 1962-63 period. It 
may be compared with the chlorophyll-a concentra-, 
tions observed by Edmondson for the ^1961 -63 
period. ^ ^ J , 

It is noted that there re fair. a^eemenl ))e<iwfeen 
observed and simulated conditions *duriji^ the early 
part of the year, through the pfeak bloom in mid- 
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Figure 4.*-:^nivual v^ation of simulated algal biomass and obserYe<l chlorophyll-a in surface strata, Lak^ Washington, prediversion 
, ' ^ • conditions. , . ^ 



^summer. The 1<)W ^o^^ceatratigps sustained 'in the 
— ' - first quart^ of the year are followed fairly clos^y» 
' as is the abrupt growth of algae in April *^nd May' as 
th^ lake warms and stratifies. The peak values ap-- 
pesLvHdf be of ^ the correct magnitude generally al- 
^^ho,Ujgh noLatteinpt l^^made in- this prelimin^y 
studptbc^lllbratG .the model to the actual data. 
- ' -Figure S'shb^^ the distribution of algal biomass 
in the upper 60 meters of water column over the full 
annu^d cycle. .Clearly evident is the high primary 
' productivity of the lake*s upper strata in fhe 
warmer summel^Trlohths. The typidal fall overturn, 
and the^attSndant drop in algal biomass is also ap- 
parent. These results of model simulation of the 
lake*s behavior are corroborated by Edmondson.s 
chlbrophyll-a data depicted in the upper portion of 
• the figure. * . ^ 

An illustration of e^ologic succession is seen iri 
the temporal relationships between two groups of 
algae and zooplankton presented in Figure 6. The 
sinall green algae (the up^r curve in the figure) 
that grow rapidly at low light intensity are depicted 
as growing rapidly early in the y/ear, reaching peak^ 
biomass levels in late May. The slower growing 
large green algae^follow, taking what is left of avail- 
able food. They peak later and at som^hat lower 



leVeK;The zooplankton, feeding on both algal 
groups, grow slowly #nd reach biomass levels about 
'5 to, 10 percent £tf that of total phytoplanktpn. T|^ey 
peak ifrmid- August, 1.5 to 2 months later than the 
algae.' This pattern has been corroborated gei?- 
erally in Lake Washington by .direct observation al- 
though data on ZQOtjlankton standing crops are 
.meager. "V 

Evaluation of Alternatives 

As an illustratibn 6f the model's utility as a.glan- 
ning topi, a comp^ison was made between pre- and 
post-diversioh conditions ^ predicted by simula- 
tion of representative annual cycles. Iri the upj^r 
{)ortiQn of Figure 7, the attenuation in the algal 
biomass curye resQlting from diversion of waste- 
waters from the system is clearly demonstrated. 
The results depicted, alfhough they represent aver- 
age "before" and "after" conditions hydrologically 
and from the waste disposal point of view, are in 
agreement with the pattern of chlorophyll a distri- 
bution as noted by Edmondson. Both the 
depression of the .peak and its shift in time are ' 
characteristic of a s'Srong trend towar^ recovery of 
the Isike from its previous eutrophic condition. 
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In the lower portion of Figure 7 the annual 
changes in dissolved oxygen^ concentrations' near 
the lake bottom for the same twp cases are illus- 
trated* It is observed that despite wastewater di- 
version the downward trend of oxygen resources 
deep in the lake is little changed. This model result 
is also in agreement with the prototype's behaviof 
and illustrates the dominant oxygen demand of the 
benthos, aTac tor that is not dramatically ajtered by 
diversion of nutrients from the lake. 
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Figure 7. —Water quality responses to sewage diversion from 
Lake Washington. 

CONCLUSIONS 

The state-of-the-art of ecologic modeling is still 
rudimentary, but examples of practicefl applications 
of rtiodels such as that described here are increasing 
in number. The EcoJogic Model, since its develop- 
ment under OWRR sponsorship in 1970 71, has 
been applied in a variety of envirorfmental planning 
situations. Recently, under joint sponsorship of the 
OWRR and the Enviroiflnental Protection Agency 
the model was adapted to Puget Sound and to six 
subsystems of this complex marine environment.^ 
It has been extended in its capability in further ap- 
plications on Lake Washington and to a series of 
artificial impoundments.^***^ The basic contepts of 
the model have also beeji incorporated in models'^ 
previously developed for vertically niixed estuaries 



along the Pacific and gulf coasts and to coastal 
zones in Nevv England and California. 

Conceptually, models of aquatic ecosystems that 
incorporate water quality interactions can be 
adapted to a wide variety of planning situations, in-, 
eluding those of lakes and manmade impound- 
ments. Basic formulations of the energy or mass 
conservation type can be developed for abiotic sub- 
stances. These appear to be re^onably defensible 
in light.of the existing body of kliowledge on the be- 
havior of aquatic biota. Simulations of ecosystem 
behavior using such models appear to agree ^uite 
well with prototype observations. 

If there are limitations in the use of such models 
for planning purposes, they are probably most iden- 
tified with the lack of reliable ddta from the proto- 
type that will serve both to calibrate and test the 
model and to instruct the modeler in how to im- 
prove this potentially useful tool. As experience is 
gained and ecologic models are tested and revised, 
confidence in their capabilities and awareness of 
their limitations are sure to grow'. They are des- 
tined to figure prominently in future environmental 
planning and decisionmaking. 
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DISCUSSION 

Comment: Since 1916 we have been trying to get 
drinking water standards that are acceptable for 
potable water, that is, something you can put in a 
container* see, and observe. .^;ain, we haven*t got 
any uniformity there. The uniformity, or the lack of 
uniformity, rather, comes from not being in con- 
stancy one State with the other. How in the world 
are we going to train, „and where are we going to 
get Necessary professional -type people to make 
these studies that can say this is up to standards 
and this is how it can be maintained. 

The point was made earlier that technicians can 
do this; I submit they can. But, when something 
overwhelms the system and turns off the model and 
goes beyond the belljar, then* you are in deep trou 
ble. You don't have time in a major facility system 
to wonder what happened, you have to correct the 
situation. Where are these people coming from? 
The engineer Who graduates this June will only be 
one-half of the people who will be needed fpr other 
types of engineering. 

Mr. Oriob: Fm not sure I have an answer for 
that. Those that have associations with academic 
institutions are trying to db something about that, 
but we are suffering the consequences of a lag in 
* training of professionals that was imposed on us 
aboiit 10 years back when it was much more' glam- 
orous to be involved in electronics or space explora 
tion. I_think that we ar^ now suffering from lack of 
support for*training and research. We in the uni- 
versities are desperately in need of that support 
front governmental agencies. 

We need support of EPA, for example, in the 
programs that 'will bring about required training 
for young engineers, chemists, and biologists with 
environmental orientation. Incidentally, we have 
such a tremendous interest on the part of students 
at the University of California with :^hich I am affil- 
iated, and we can't handle them'^l. ^e don't have 
opportunities for them that are comf)etitive with 
those of other fields in which there is money 
available. ^ 

One of the important parts of our support capa- 
abilities in the universities has been the training 
grants program, provided for a considerable tipie 
by EPA and its predecessors, but which is being cut 
off in the ne^t year or so. This is a great loss to aca 
demic institutions in attracting qualified students 
to environmental programs. 

- The problems we are dealing with, I think, are 
more complex than they ever were; they require 
training of people with depth of understanding and 
sensitivity for environmental matters, even though ^ 
young and as yet unskilled in the application of new 
technology. . 



• 1 



Comment: I was intrigued by your comment that 
the goals of management objectives are often inade- 
quately defined before modeling gets under way. I 
wonder if you would like to reemphasize that point 
and perhaps touch on what recommendations you 
would like to make for research and development in 
modeling. 

Mr. Orlob: I think there have been some good 
steps taken to correct that situation. One of these 
was made by EPA recently in its River Basin 
Modeling Program . 

Up to a certain point in time, most of the models 
that were developed, of the type described in my 
talk, were developed under special research con- 
tracts. That is, they were discrete model develop- 
ment projects not related to planning. This phase of 
development was great; I participated in it. But,^a 
question arose as to whether these models would 
ever be brought to bear on real problems. During 
this period there was a proliferation of models, far 
beyond our real needs. 

Probably about 90 percent of those produced are 
really not worth anything to environmental plan- 
ners and decisionmakers. EPA undertook, a year or 
two ago, to take those models that were best docu- 
mented in the literature and, although they had 
sflpe deficiencies, to apply them to real river basin 
planning situations,, to prepare them for use by 
planpers, to document them properly, to calibrate 
and verify them. This was done for some 25 river 
basins and a dozen or so models.^ I believe in some 
cases.the effort was a considerable succes^ because 
these models are now being used as^tools yi plan- 
ning in a number of States, and aT the State level. 
I'm sure you will find some of these models being 
used, for example, in 208 planning studies that are 
now getting underway in many States. 

Nevertheless, I do think there is still a need to 
continue some basic development, extending our 
understanding in fyhdamental behavior of ^e aqua- 
tic environment. There is mluch that we need to 
know and to do to make our models. 

EPA and others who are involved in action pro- 
grams want to see these tools tuned a bit 4pd then 
applied. The greatest benefit that we can realize 
now in the modeling state-of-the-art comes from 
actual application. Through applications model 
users will* learn limitations and deficiencies of such 
tools and techniques. I believe we have enough 
models now; we need merely to understand them a 
Httle better. 

A number of our earlier models were developed 
in the context of actual planning studies and served 
some useful purposes there. Estuarine models have 
been notable examples; they were quite widely 
used and still are being beneficially applied in plan- 

f 
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fling sitiiations. I think such models are rather well need for a sort of national" register of modeling 

developed. Perhaps ecologic models of lake and es- capabilities. At present, it is exceedingly difficult to 

tuarine environmental systems are not yet as ad- identify sources of operational models and com- 

vanced. I would like to see a continuing effort on a puter programs. Most of this technology is widely 

modest scale jn research related to modeling. More dispersed and not at all coordinated as to specifica- 

emphasis should be placed on application, checking. tions. quality, and availability. A national register, 

and verifying of existing models, such asl suggest, could fill a critical need and trihg 

One last comment: it seems to me that there is a order to the modeling art. 
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Irhe management of a region on the Basis of its 
hydrologjical :j3ystem is *as old as man s culture. 
Dams were builli on mountain slopes (the rice pad- 
dies {n Java) and in rivers to retain the water for 
human and irrigation uses. Later, navigation Re- 
quirements became economically of importance and 
water level controls were bujlt. Dams, locks, and 
dredging operations were undertaken to cater to 
the need of this particular water use. Famous 
examples are the Rideau system in Ontario with its 
47 locks, and the 360-mile long Erie cana! with its 82 
locks; both built between 110-140 years ago when 
navigation was a predominant water use . * 

A further significant step in water use develop- 
ment cameiVvith the advent of hydroelectric power. 
The signifilance of this water use is particularly 
great in Caimda (82 percent of total electricity prod- 
uction). In the U.Si it accounts'for 10 percent of the 
national pow^ production.' The provision for all 
these water requirements in the form of reservoirs,, 
aquaducts, locks, and dams created, in general, fine 
examples of contemporary engineering skills. 

Yet, it is only in the last decade that we have 
come to experience that all is not well— in the 
course of oxxr dealings with water, we have gravely 
neglected the multiplicity of its uses, of its features, 
and the ubiquity of its nature. 

This serninai: attempts to shed light on the vari- 
ety of aspects involved in the phrase "the integrity 
of water." I would like to contribute to this discus- 
sion by focusfng on water uses and their functions 
and relationships. 

Figure 1 shows the three major categories of the 
functions of water: the biological, the environ- 
mental, and the economic uses. The incomparability 
is striking. In human biological use we work in mil- 
ligrams or litres; for industrial waters,, in billions of 
gallons; and for power uses, in acre-feet. For envir- 
onmental use, a quantitative expression is often not 
relevant. 

Water is part of, the hydrological cycle on a 
worldwide scale, and it is part of animal metabol- 
ism. It is both outer environment and inner envir- 
onment, at the same time. Being thoroughly con- 
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fused by this complexity, mankind until recently 
, was not quite able to de^al with water in a fashion 
consistent with his dealings with the other materi- 
als and commodities. The ownership concept, as ap-, 
plicable (Figure 2) to nearly all human products and 
most natural resources, was only applicable in a 
half-hearted way. Althpugh common law recog- 
nized Riparian Rights, they never attained such a 
clear, decisive status as, for example, property 
rights. Ih fact', the broad intent of Riparian Rights 
appears to be impracticable. The.marlcet mechan- 
ism did not ^york for water either; this was, of 
course, partially the consequence of a lack of defi- 
nition of ownership— the fact that water^s a com-^ . 
J mon property resource. . 

The variety of and the competition fof simultane-" 
ous uses— (fishing, navigation, and sewage dilution 
for example), and further, the occurrence ot se" 
quential uses (for example, the chain: mountain / 
brook .drinking water - sewage - lake - drjnlyng k. 
water) — were hot regulated by the market mechan- , ^ 
isms. There is no generally and conveniently ac- 
cepted way of paying the upstream user for not pol-' 
luting. Similarly, the upstream user cannot pay the 
downstream user for the privilege of f)olluting. , J'^ 

In history, the disasters caused by sequentfaj 
water uses have perhaps, dominated the field* of 
man s communicative diseases until the use of chlol" 
rine in water treatment was introduced. With th^s 
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THE SO CIO-ECONOMIC ASI^ECTS 
Of WATER MANAGEMENT 
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• IN SITU 

•WITHORAWALS 
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AND THE "MARKET PLACE" HAS NO MEANS 
OF RESOLVING THE CONFLICTS. 

Figure 2 



step, -it looked as if a comfortable^lateau was 
reached. But it was soon learned tl]^this sanitary 
achievement only gave a tempcfery relief. Oub 
understanding of the water s^em was still far 
from complete. y{§ 

In 3lose range, new probOis r^ng for attention: 
industirial waste, eutro^KSttion, toxic substances, 
radioactive wasted, th^nal wastes, introduction 
alien fish species, dfcp in fish harvests, contam- 
inated fish products/oll spills, et cetera. 

Definite conclusions arise fronfthis list of ills: 

1. All are .caused direcily or indirectly by 
man's activities,/ 

2. Although all problems originate with man, 
each is part^of a different mdn-environment rela- ^ 
tionship. // » / • 

3. Oamages were incurred by the forest and 
flora, bx^nimal, wildlife, and fish populations, as 
well jii hy humans. These damages, of course, 
variiS^afrom case to case and were seldom limited to 
on^ategoryonly. 

jjx becomes apparent that water management is 
mi possible without accounting heavily for man's 
^Ictivitibs, and further, we have come to see the 
problems of water not in the narrow sense— i.e., 
the water within t^e boundaries of shores and river 
banlcs —but inlhe organic totality of the watershed. 

Water in the w^tershedflorms an orgapic totality 
with thesoUs'and vegetation in that watershed, and 
v^th the entire animal, fish, and human popjulations 
including all their activities in that basin, and, last 
but not' least, -the climatic conditions of the basin. 
The watershed is, in fact, a big pipe: in comes rain- 
water /clean or loaded with chemicals;^out flows a 
liquid, sometimes loaded with chemicals, some- 
times carrying excessive heat and perhaps even 
radioactive particles. On its journey through this 
big pipe, this water has .been used, over and over 
—bringing into each process whatever was left of 



the previo^is processes, cleaning up somewhat by' 
assimilation processes in between. 

This unique and complex set of relationships and 
interdependences is The Watershed System. Any- 
one who attempts to manage such a system cannpt 
manage it in ignorance of the fact that, it\ sucn a 
system, Everythmg is Related to Everything 
Else.* For the manager not only needs to know how 
the maiji system beliaves, he should be well aware 
of the behavior of the many subsystems included" 
within the main system. I have attempted (Figure 
3) to list the main systems and some 'major subsys- 
tems playing their part in the- watershed. ' , ^ 

The use of systems analysis can br^g order to 
this chaos of complexities by providing mechanisms 
for systematic searching for interrelationships and 
for building conceptual franfieworks wherein the na- 
ture of these relatiopships can be expressed, 
studied, quantified, and tested. With systems 
analysis approaches one can study the ^yhole 
without losing touch with the parts! 

In the 50's andCO's we made the step from single 
purpose development • objectives for water re- 
sources to multi^ purpose development. In fact, 
this only meaWVm instead of one, two or three 
purposes were pursued. But this is far from a com- 
prehensive approach. Therefore, the latter concept 

' . *Credit for this fcipression gott to Dr. O. M. SoUndt. former Ouimun of the 
Science Councfl of Ctnad^ 
> . . ^ I 
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now needs further deepening to become eventually 
what I wOuld coin as a **harmonic basin develop- 

*ment concept." This is considered to be a state in - 
which all aspects and purposes have developed, or 
are developing t9 an optimum -individual condition 
with a minimum damage to other aspects. Maximiz- 
ing ot all potentials, along with minimizing of all 
damages—the aim is the attainment of a deficate 
balance. Such a condition can only be obtained by 
careful planning, and careful planning in turn can 
only be successful if it is based on knowledge and in 
sight into the problems. 

When one attempts to^undertake,this exercise it 
becomes immediately and painfully apparent how 
niuch we do not know, despite the great number of 
scientific achievements. Much of our knowl- 
edge—of necessity — has been formed in separate 

, disciplines; the linkages have now to be formed. 

The assumptions in one disciplinary field are 
often the subject of study in other disciplines. What 
I mearf is that any one problem-parameter is gen- 
erally .expressed ii^ terms of one or more non- 
prt)blem-parameters; at least in the terms ot a par- 
ticular scientist or a particular discipline. However, 
^non-problem-parameters in most cases are prob- 
lem-parameters for other scientists or for other dis- 
ciplines. Thi3 condition bjrings us to the heart of the 
problem of^^atershed management. It is a highly 
multidisciplmary task. What was tal^en for granted 
in single purpose resource develppment, and rea- 
sonably acceptable in multipurpose development, 
has now lost the hasis for its validity nearly entirely 
for the harmonic basin development concept. 

For e^tample, a ^so-called multipurpose water 
management plan might have aimed at resolving 
conflicts between hydropower, navigatio;i, sAd 

' drinking water needs. But this limited set of consid- 
erations is no longer acceptable. 

The **^ater-quality-man" thought before in terms 
of concentrations of contaminants in the .water. 
Once one had nianaged the analytical techniques, it 
was^then a -simple matter of establishing some cri- 
teria bajed on the known toxicity of the substance. 
Now we Jcnow that one cannot look 'at concentra- 
tions in isolation. Biological amplification can -in- 
crease such concentrations many times v if suitable : 
biological chains-of predator and prey— exist. 

The forestry industry needs budworm control 
programs as a part of our economic livelihood. But 
such a program— using pesticides— immediately af- 
fects the health of fish and wildlife and perhaps, 

■ indirectly, the well-being of the basin Vhuman^jop- 
ulatiorf. The pathways of contaminants are pften 
not clear. That some of this type of waste comes 
back and affects the health of the pop.ulatioris is un- ^ 
avoidable. The costs pf suCh effects are largely un- » 



known at the present, but they might be important 
enough to cause economic concern in addition to 
social concern. 

Much, if not all of this, depends— as the conven- 
tional wisdom has it— on the people s choice (Figure ^ 
4). But reading the people's choice is not an easy or 
simple matter. Sociologists have not been able to 
map out clearly the {Jeople*s perception of the water 
resource, and their attitudes based on such percep- 
tions. Again, the multiplicity of water use^s makes it 
extremely difficult to map out clear preferences of 
the populatioiv. This is even a much graver problem 
itwe realize that water has also a strong locational 
feature, a strong regional aspect. 

Because of the absence, of the market mechanism, 
as it is available for commodities, the channels of 
communication of the population for the purpose of 
formulating decision^ and the feedb^tek of such deci- 
sions are extremely iinclear. Nevertheless, as we 
all can observe, they ar^, in all aspects, real. 

This obvious vacuum in the system Vias been 
filled by thfe governments (Figure 5). They are 
charged with the difficult task of equally distrib- " 
uting benefits, and disadvantages, of the water re- 
source to their populations. 

I have been listing all the negative points, all the 
problems, and tHe lack of sufficient understanding 
of social, chemical, physical, and biological pro- 
cesses. It is now time to come to the more positive 
points; to discuss the ways open toward achieving^a 
harmojiious watershed 'development. The critical 
function in thi^ process is **conflict resolution.'* This 
conflict resolution should take place in each of the 
hierarchically arranged strata of the watershed 
system. Then, the consequences of each choice ia 

' FORMATION OF PREFERENCES IN v/ATER 
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the confjiict resolution process should be worked out 
to assess the various impacts resulting from these 
choices in the future. This latter .phase is extremely 
important. History*has shoWn us in so many fields 
and c^es that the outcboae^f well-intended pro- 
grams and policies turns soW in a number of years, 
'yhis is no surprise to systems analysts, who are 
well aware of the fact.th^J complex s^tems tend to 
behave counter-int^iitively. . \^ 

Con{)ict resolution balances interests against in 
terests: health interests against economicwelfare 
wildlile against forestry, fish against fisheries, and 
so on. ]There is no clear common denominator for 
^ this balancing 'process, although many attempts 
, have been made to use economic criteria)as common 
standards. The fallacy* of this thinking-:-as an 
6mn!ibus,solution — has become quite apparent. Re- 
search is active in this field but no comprehensive 
solution has been formed. Net^ertheless work can 
continue even with less perfect tools. 
. The^mplexity of all the elements making up the 
' behavior\)f a watershed system is too great to be 
^ synthjesized within the minds of individuals'. ^(Com- 
puterized simulation models are the essential tools 
in this process. The iriodel, like a huge accoiTnting 
machine, keeps track of all the entries (parameters) 
in all their proper relations. Watersjieds are not 
only colli plex, their reaction time, in some cases— 
as for example in the Great Lakes— is very slow 
(Figure 6). Ancj'such slowness requires a •consider- 
able policy lead time (Figure 7). Also, the cumula- 
tive nature of contaminants and the processes of 
biological amplification are long term effects. Of the 
social aspects^ changes in attitude^; of the p)opulat 
tioi^ake p|[ac^only very slowly, and economic adV 
justments in the basin are slow.and often painful^ 
Likewise, injstittitionat adaptations, if they follow 



each other too quickly, often confuse the.public and 
create -feelings of instability. Social and environ-^, 
mental experimentation are beyond our capability, 

\and certainly be:fond responsible behavior if the 
consequences of such an experiment could be dis- . 
astrous. • . 

Simulation is then th6 only way out, and through 
simulation the cybernetic potentials cao be tested 
for their usefulness, and their pbtential for transla- 
tion into policies and programs. Conflicts can be re- 
solved at each level oi the system's hierarchy; the 
tradeoffs can become clear. The need for data— and 
applied research— follows from sensitivity analyses 

. procedures. Hereby, the results over time are 
tested for their sensftivity to variations in key de- 
terminants of the system. 

The watershed management concept, as I have 
described it so far, is now beii]g used in various 
basins ollMe world although at different levels of 
.sophistication. Some. examples of weU-established 

^ river basin management agencies are the Ruhr 

.Area Genossenschaften in Germany; the River 
Basin Boards in .Britain; the River Basin Commis- 
sions under the Water Resources Planning Act 
(1965) in the U.S.A. (such as^e Great Lakes Basin 
Commission); and the basin studies set up through 
joint Provincial/Federdl consultation under the 
Canada Water Act. 

' . I will now dwell for a few moments on the joint 
basin studies ih the Great Lakes to exemplify the 
application of the watershed concept as a manage- 
ment tpol. Under the Canada-U.-S. A. Water.Quality 
Agi^eepent of 1972, and under the auspices of the , 
Inte^ational Joint Commissioa, intensive studjs.^,,^ 
plans^^i^ing carried out to study (a) th^ pollution 
of the up|)^ Great Lakes and (b) the poUufion from 
land use adti^ties in the Great LSkes. The broad-* 
ness and the fimlti-di^iplinary scope of study is 
unprecedented. Data and surveys rangeironi space 
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"observations through the ERTS. Satellite (Earth 
Resources Technology Satellite) to the electron 
mictoscope ob*servations of asbeatos fibers, and 
Adepth social analysis. ' » ^ 

On this broad scale, trends are' being developed 
for a peniod o! 50 years. Changes in technology, eco- 
noihic structure, population, and attitudes towards 
the limited resources df this planet, are being ap-^ 
plied to the Grekt Lakes Ba^in Studies. 

The increased desire of watershed inhabitants to 
have a direct input into watershed planning that 
may affect their qu^ity of life and the -values of 
their possessions has led to the formulation of vari- 
ous channels— different for different jurisdic- 
tions—for public participation ♦in water plai^ning 
and management. For decades we haVe planned 
through proce;sses.of simplification (of necessity!).^ 
Present technology allows us to go complex again; * 
to take into^account valuable details- brought for- 
ward by public participation^ This is expressed by 
. the International Joint Comniission Public Hear- 
ings Program. \ 

Models for atmospneric loading of pollutants 
fr<Jm industrial, activities, for .water quality, for 
socio-economic aspects, and for policy analysis, are 
all^paA oif this huge effprt in which the_two coun? 
tries, the basin States, and Ontario cooperate. 

XHher modej^ptre being developed at university* 
research institTOes. For yistanc#, the Systems Re- 
seSrch Center otn^^ Western Reserve University 
IS developing ^>^ater management model as a tool 
for policy analysis. Figure 8 shows a compressed 
conceptual diagram illustrating thevflow* in a sub- 
model for policy analysis. Canada Centre for Inland 
Waters has developed water quality models, hydro- 
dynamic, physical, and biochemical models. The 
Center for Geographic Analysis of ihe Institute for 
Environmental Studies of the ^iversity of Wiscon- 
sin in Madison is working on a heuristic model of^ 
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the Lake Superior Region, and York University, 
Toronto, is working on a Waste Loading Simulation, 
Model for the Great Lakes. The schematic repre- 
sentation of this model in Figure 9 shows that the 
link with the physical models is still missing. 

These are only a few factors in the- field; outside 
the Great L^es many other attempts are "being 
made at modeling watersheds. This should not be 
considered as wasteful duplication. Because of the 
complexity of the matter, many viewpoints are pos- 
sible, and although apparently contradictory, they 
often are not so in the context of the larger sys- 
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terns. Where the old disciplinary models describing 
the phenomena in feaqh discipline were' probably 
correct in their own way, they now seei^to lose 
some of itieir neatness in the broader set of options 
provided by a comprehensive model, and one of the 
dif ficult tasks, which was only undertaken in recent 
years, is to bring these disciplinary models to- 
gether into comprehensive basin models. The stage 
of developing linkages is still fairly primitive. 

In conclusion, hydrologic engineers, limnologists, 
economists, fish biologists, toxicologists, and legal 
analysts have to come to ternis at the peripheries of 
their various disciplines. Ajid the problem of this is 



much more than ahuman or disciplinary one. It is in 
xact, a thrust forward to a highei^ level of compre- 
hension. In^ this effort all inputs from different 
organizations are needed to ob^in a really compre- 
hensive un(ierstanding of tne problems with a 
realistic accounting of all the possible factors. 

The concept of the watershed has begun to lead 
us to an adaptation of our institutions to recognize 
socio-pjiysic^ realities that cannot be neglected. 
This adaptation will further affect our public and 
private works design to include the integrity of 
water, not aJ> a residual,, but as an integral design 
specification. 
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RQNALD B. ROBIE presented by 

Director, Department of Water Resources PORTER TOWNER , 

The Resources Agency ' -Chief Counsel 
State of California 

Sacramento, California if -^^^ ^ 



I appreciate the opportunity to participate in.tbi^ 
Symposium a^d to present an interpretation ofthe 
States' vmw.ojthe integrity of water. 

, Thus ^r, the program has dealt with integrity 
.from a physical, chemical, and biological point of 
view. From the many interpretations presented, it 
can clearly be seen that integrity, like beauty, is in 
t)\e eye of the beholder. 
In spite *of the wide variety of comments that 

• have been made here, basi<?ipb^he presentations 
can be categorized as technical oKScientific in na- 
ture. In this paneL we see the "p^^litical" view— in 
the broadest sens^ And that is very broaSHndeed. 

VjWhether the approach is technical or politicalVhow- 
ever, each of us at this session interprets the integ- 
rity of water on the basis oi ouV day-to-day relation- 
ship'^to water management or mismanagement. 

» ' 4 am aware of this personally because I am in 
transition. When thVs program wa^ prepared, I was 
a member of a State regulatory body with responsi- 
bility for v/ater quality and water rights. Last .week 
I becam^ the director of a State dep^tpient 
charged with constructing and operating a major 
water project and carrying out water conservation 
and development planning. , 

In addition to the institutional structures that can 
influence interpretation of integrity, there are geo- 
graphical' factors as welL My native State is a land 
of contrasts. There are mighty mountairt streams 
and vast areas of semi-desert. Unfortunately, we 
have located more lhan half gur 20 million people on 
that water-short desert area. 

From a water quality standpoint,. we have used 
,the ocean as our principal disposal receiving area 
for urban wastes. Yet, 85 percent of our water use 
is by agriculture, and its problems of waste disposal 
ar^ vastly different than those of a priniarily ^rban 
-area. Further, most agricultural problems are lo- 
cated inland in fertile valleys whicft afford limited 
possibilities ^ disposal. 

* Having sufficiently warned you of njy institu- 
tional and geographical biases, I would now like to 
offer my interpretation of the integrity of water. 
This interp^;etation, while necessarily drawn from 

\ 



my experiences, tries to consider the forest and not 



just thet trees. 

Historically, the control of water quality has been 
the primary responsibility^of the States, and thatjis 
basically a sound system. Theoreticall}^, the States 
should not be as susceptible to political and eco- 
nomic pressures as local government agencies tra- 
ditionally have tended to be. Nor are the States as 
remote from specific areawide problems as the gov- 
ernmention the Potomac. ♦ 

Since 1972 the States' authority has been 
strengthened by the establishinexll of a National 
policy oa water quality. The previous threats of 
s6me polluters to the States- "You re driving busi- 
ness away. We ca^j't compete beq^use others in the 
fieldnvill not have the same expenses you are forc- 
ing on us. We'll move out if you get tough!"— are ho 
loi\ger effective. • ^ 

Even though the Federal Water Pollution Con- 
trol* Act Amendments -of 1972— through the estab- 
lishmBnt of National go?ds and a relatively uniform 
level of poHution control— restrict the discretion of 
the States to somp-^i^^xS^^J™^^^^^ authority and 
responsibility still remain. For example, .the law 
gives the States the impetus to expand their Regu- 
latory authority throu^ administration of the 
"NPDES p>6!i^it system. Aiid there are yfany tasks 
left to accomplish, such as: regulation of discharges 
to ground waters, Wnpoint pollution control, inno-. 
vative planning, a^d designing institutional "hieans 
for implementing plans. 

Historically, the water allocation process, as rep- 
resented hy water rights administration in the 
western. States,as also a State responsibility. Al- 
Vhough here, too, there is a substantial Federal in- 
. ^luence— through the activities of Federal construc- 
^ tion agencies and Federal exercise of water rights 
• —there is still n)uc;h'the Stsftes can do. Again, as an 
^example, water rights administi^tors in the States 
can increasingly define the "public interest" not 
only in econdmic terms but also in a manner to rec- 
ognize the myriad of noneconomic social values as 
well, 

Thus, the States' role is*. potentially a large and 
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important one-but onethat is not easy-to perform. - ^ost valuable in assuring fhe thorough analysis of 



The basic challenge is to reflect society's values and 
maintain the integrity of water at the same time. 
Conflicts are inevitabl<i^ ^ 

For example, preserving a free-flowing river in 
its origin^ state is increasingly ^goal of modern 
society. The* use of river flow is in conflict witbsuch^ 
an integrity of water, a^d yet the use oLriver.flow' 
is often a necessity. -1 

There is a recognized need for reclamation of 
wast^ water but insufficient effort has been gei:ier- 
ated. toward solving j)otential hegJjh problems 
which may restrict the beneficial uses to which such *, 
watertpay.be put. In addition, traditional econom- 
ics weigh heavily against the environmental bene- 
fits of wastewater reclamation, yet there is upluct- 
ance to tace the i^eed to price water iif a manner 
which wpuld induce conservation of the supplies. ' 

Some groundwater basins are subject to severe 
overdraft, while others experience high water 
tables to the point that agricultural crops are 
threatened. In spite of this, there is often a lack gf 
law and institutions whicH coujd protect' these ^ 
basins and often irelnendous pressures are exerted 
against attempts to enact appropriate legislation. 

There are problems of salt buildup in soils and 
this requires flushing— and a subsequent degrada- 
* tion in water quality. ^ y 

In many areas there is a real controversy over 
whether powep plants should be sited on the coast ^ 
or inland. Both siting alternatives have their shared 
of economic and environmental "tradeoffs." ^ 

There is continuing comp^ition for water sup- 
plies between instream use fo^isheries and recre- 
ation and consumptive use iMjbdustriaU agricul- 
tural, and domestic supplies. 

Water use is sSsb related ^ land use.. In fact, 
there are those; wha would accomplish restricti^'e 
growth j)olicy through limiting water supplies. 
HoiVever, tlte record to date i§ one of confusion and 
inconsistency. * * 

I hope you^are detecting a thread of continuity 
here: namely, -the cojjjplexity of the problem of in- 
terpreting and maintaining integrity of water from 
the States point of view. The StateS' responsibility 
to maintain the integrity' of water must^be Worked 
' into a total resj)onse to the needs of the public. In"* 
'tact, the States' interest and the public interest 
should really be one and the saxne. 

I believe the futui^e holds the opportunity for ag- 
gressive, innovative and bold actions by Uie States, 
through which they <jan preserve their role in main; 
taining the integrity of water. There are several 
ways to n)ake this [possible. 

•The first method is to strengthen the environ- - 
rilental impact process.* The impact statement is 



alternatives. It cannot just be a tool wilh which to 
justify a project already committed or to explain a 
decision already made. The environmental impact 
^process mu^ be made part of ^he planning process 
itself. And we niust fully, and at an early stage, in- 
volve the public in the environmental impact pro- 
cess. . . ^ * 

I would j)oint out, parenthetically, that in sgife of 
the usefulness of the impact process— ais demon- 
strated at the Federal level and by several Stales 
-less than half of the States employ suclTproce- 
dures, 

^ Another means of maintaining integrity is^ 
through innovative problem-solvhig. The States* 
need to be willing to explore tHe use of solar en- 
ergy, geothermal resources, wastewater reclama- 
tion, ^ound water management, and, most impor- 
tantly, water conservation practices. In addition, 
many mpre imaginative and innovative changes ^ 
institutional management arid applicable legal doc- 
trines will be necessary if the States are to maintain 
ftie integrity of water. 

.Finally, a more sophisticated approach to coordi- 
nated statewide resources planningNmust be taken. 
We need to set stSitewide goals— goals wHich are 
not narrow and oriented to tfie specisQ interests of 
single-purf)ose governmental agericies, but which 
best represent the truth and integrity of water in a 
^gpciety determined to eliminate wastes with effici- 
ency and with tfie public interest foremost in mind. 

This is not as easy as it sounds. Often "people in 
high places" have been educated in certain fields 
and are reluctant, or in some cases unable, to bi;eak 
out of traditional molds to consider trUe^alterna- 
tive5. To-use an exatnple not related to water,- but 
which basically illustrates my point, .consider the 
transportation planner. Jraditionally, the planner 
started with the concept i)f the automobile, thtis 
liming the^cdpe of possibilities to be considered. 

We can nt)w see j^ie folly of statewide plans for' 
freeways primariLaJbased upon the philosophy of^ 
those who mak^-tipr living by thXpiile. Likewise,- 
we must view witn suspicion statewWe water plans 
which are produced by those whose philosopny is 
based upon the acr^oot, or for that matter, upon 
the discharge requirement alone. We need to view 
the whole and place v^it^in it the pieces— each in its 
proper* position. We need to* reeducate planners, 
not only by college courses in new concepts, l^iif 
through receiving input into the planning process 
from other disciplines, including those associated 
with environmental pr<^tection. ' ^ * 

We must recognize and institutionalize the obvi- 
ous fact that water quality and quantity are^in- 
separable. As strange as it seems, th*is is a, fairly 
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new concept and not reflected in the 1972^ Amend- 
nients. Traditionally, in the western States the 
main problem occupying thos6 concerned ^with 
water resources development and management ha^ 
been quantity of water— just getting the water to 
the right pj^ce at the right time. In recent years,* 
quality has tecome.a key factor, something we can 
» no longer take for granted.^ 

In most States, including my own, we are sCill 
struggling to respond to changing obligations of the 
States. But meet ^hem We must, or the States in 
this Nation will run the risk of abdicating their .re- 
sponsibilities. Neith^r can we afford to kick our 
• problems upstairs instead of tackling them. * 

Above all, the StaXes must not sink into.bureau- 
xcratic inertia. Such an event is not an impossibility 
and it would truly be a tragedy. The noted critic 
Brooks Atkinson once wrote: "Bureaucracies are 
designed to perform public business. But as soon as 
a bureaucracy is Established, it develops an autono- 
mous spiritual life and comes to regard the public as 
its enemy." 

Surely the^States can avoid this p\tfall, for the 
goals of our Federal environmental statutes and our 
own common sense tell us that, unless the integrity 
of water is maintained, our Nation cannpt long sur- 
vive. These gos^s are fiot yet universally accepted 
by those implementing efforts in the States— at 
legist not in every place at all times. But the States 
^ and their local governmental subdivisions must 
. strive for universal acceptance and injplementation 
of these goals. 

The integrity of water is not an aj^stract concept. 
It is a challenge, an obligation, and a necessity. 
Whether we are involved as technicians, scientists, 
or politicians, the public expects us to meet the 
challenge— and weglipuld den^and it of ourselves. 

DISCUSSION 

Comment: I presume that_ California, as most 
State's^ Ras some form of a non-degradation pplicy 
incorporated into the water quality standards. 
Could you describe that policy, and how or whether 
you are implertienting it; and what kind of success 
youVe had? 

Mr. Towner: We do have such a policy, in Section 
1300Oof the California Water Code. I hesitate^ get 
into the details of it. We've had it for sohie time, 
since 1949. 

In California, the administration of water quality 
and the Federal Act responsibilities are with what 
we caB the State Water Resources ContrbrBoard. 
This is a five-man board. Then we have nine re^ 
gional ^boards. All have non-degradation policies. 
Your best bet fot* details is to contact the Water 
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Resource Control Board in Sacramento. 

Commentr From the perspective of the State 
government agency, do you feel that P.L. 92-500 
has established a reasonable and workable balance 
betw^en Federal, State, and local government 
sharing of responsibilities and funds for achieving 
or maintaining the integrity of water? 

Mr. Towner: I think it is not perfect, but it is cer- 
tainly a step in the right direction. It's not self- 
effectuating and the administration, I think, is as 
important as the lajv itself. I recognize that there 
are some critics In some areas, but overall it has 
worked in California. ^ 

On the construction aspect of it, as you.know, the 
Federal government puts up »75 • percent and the 
locals have to put up 25 percerit. In Calif ornia) the ^ 
State is putting up 12V2 percent, so a local ^agency 
only haato pay,12V2 percent of the cost. 

We've done this by two bond issues, one in 1970 
and one in 1974, each of them for $250 million, so 
we ve had $500 million to work with. 

The point I'm trying to make is that you can't rely - 
solely oh the Federal Ac^^ itself. I think the States 
have to do something, both in spending some 
money on project development and on staffing. 

Comment: In the 1974 Municipal Needs Survey 
conducted *>y the States for the purpose of identi- 
fying publicly ow,ned wastewater collection and 
treatment facilities needed to implement water 
quality standards, as I recall the figures now, out of 
about $350 billion njationally, California has about 
$90 billion of that. I believe, far and away, the bulk 
of it was in a category of needs that has only re- 
cently been considered important, mainly cqntrol of 
•urban stormwater. runoff. Do you see $90 billion 
lying around anywhere to solve those problems? 

Mr. Towner: *No, I certainly don't. I know that , 
California^'has more than its share of problems and 
of course in the big areas, the southern Cali|ornia 
area, you get what they call "flash floods." Millions 
of dollars have been spent there just on getting rid 
of the water when it falls because when it runs off, 
unless you have proper channelizatio?}, it can tfike a 
number of people and a great deal 6t property with 
it. • • ' - 

Comment: As a lawyer, what is your definition of 
integrity? - 

Mr. Towner: Well, to tell the truth, before I 
came, w^ had time to go to a couple of dictionaries 
and look for definitions. Integrity, I think, as we 
use it here, or at least as we were trying to^^se it in 
our paper— 

Comment: Tdidn't ask for the interpretation; Ym 
, not a lawyer, so I don't know. What would be -a 
leg^efinition of integrity? 
Mr. Towner, I don't know. I'd have to go to the 
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law books and check that. We didn't do that. 

►Comment: What is your opinion? 

Mr. Towner: AVelK I think with respect to water, 
it means the highest and best use of the water. 

Comment: Best use. then how would you Inter- 
pret that jn terms of the water qWlity? Would you 
say that this^me^ns that we haveUo maintain jthat 
be'st use everywhere? 
' Mr. Towner: The* best we can. 

Commit: That's a shade away from it. 

Mr. Towner: As we mentioned in our paper, 
many of us would like to maintain some streams in 
the wild state. In other words, don't mpnkey with 
them in any way whatsoever. In many cases, how- 
ever, this just isn't possible^ 

Comi|ient: No argument. What about some of 
these fault problems in Calif<5rnia? 

Mr. Towner: We have to. solve them. We are 
working towards it ji&w ' 

Comment: I mean that you are going to tolerate 
that from the standpoint of integrity? You feel that 
doe$n't'affect the integrity or it does? 

Mr. Towner: It does if you are using water so that 
intimately you are going to irreparably damage the 
source— by ruining the ground water, for example. 

Com^nent: There are a couple of more words com- * 
ing in there. You've gone frorh clear water, rushing 
streams, knd so forth, to damiging it-reparably, and 
that is a big gap. 

Mr. Towner: Let me telLyou. In the San Joaquin 
VaUey we are drawing down our ^ound water table 
several feet each year. We've got to ultimately re- 



charge that. That is just the groundwater'problem'. 
Also, there ign't'an adequate master drain now, and 
the waste discharges, while not yet irreparably af- 
fecting the ground water, aren't doing it any good. 
Ultimately, they could damage it so it can't ever be 
rejclaimed, ' 

Comment: How do you justify? 

Mr. Towner: You don't. Therefore, we're going 
to'do something about it before it is too late. Our 
State Wqjter P.roject has cost the State government 
$2 billion to date. An authorized unit is the master 
(Irain m the San Joaquin Valley; wheri this is built, 
it will get rid of that salt. It will take it out to the 
ocean. 

The problem here is that this drain will cost may- 
be $200 million, and at the present time, the land- 
owners in the San Joaquin Valley are unwilling to 
undertake fufl repayment. So it is stymied. Perhaps 
the statewide interest will be considered adequate 
in the future to Build it without complete repay- 
ment. ^ 

Comment: We've had .discusSton on the previous 
day about your problem and thp solution. We're 
wondering, what is integrity and what is .the intent 
of the Act, where' do we go from here— can we. 
That is what I am trying to bring out of you as an 
attorney. ^ 

Mr. Tnwner: I wish I could definitely answer your 
question. It is a challenge, that is all I can say for 
sure. But I appreciate the opportunity to wrestle 
with the problem. 
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TJiere is on^ point thaUs often overlooked in dis- 
ciissions about the "integrity objective'* of the 1972 
Amendments. That point is that the statute specif- 
ically calls for an assessment by EPA of the 'factors 
necessary to restore and maintain physical as well - 
as chemical and biological integrity of the Nation's 
waters. 

The point is overlooked, I think, because the dis- 
cussions usually take plape among water quality en- 
gineers whose primary attention is to the filtered 
water sample. My point is that the Act seeks eco- 
system integrity and recognizes that all three com- 
ponents—chemical, biological and physical— must 
be addressed. Rather than belabor "the point here, I 
would like to introduce into the proceedings at this 
point a letter to EPA on the subject written by my 
organization last year. 

AprO 11, 1974 

Mr. Kenneth M. Mackenthun 

Director, Water Quality Criteria 

Officeof Water Planning and Standards 

U.S. Environmental Protection Agency . 

401 M Street, S.W. 

Washington, D.C. 20460 

Dear Mr. Mackenthun: 
Pxirsuant to Section 304(a) of the Federal Water Pollution 
^ Control Act Amendments, EPA is to publish criteria for 

water quality which: 
accurately -reflect the latest ^ientific knowledge (A) on 
the kind ^d extent of all i^entifiable^ects on health and 
welfare incFuding, but not limited tq, plankton, fish, shell - 

* fish, wildlife, plant life, shorelines, beaches, aesthetics, 
and recreation which may be expected from the presence 
of pollutants in any body of water . . . (and) (2) shall pub- 
lish . . . information (A) on the factors necessary to re,- 
store and maintain the chemical, physical, and biological 
integrity of all navigable water, ground waters, waters in 
the contiguous zone, and the oceans; (and) (B) on the fac- - 
tors necessary for the protection and propagation of shell- 
fish, fish, and wildlife for . • . receiving waters . v • • and 

' (C) on the measurement and classification of water 
quality^ - - - 

To fulfill tKa above mandates, EPA published in October, 
1973, two draft volumes entitled Proposed Criteria for 
Water Quality; Volume I and Proposed Water Quality 
Information: Volume U. 'NRDC will shortly be commenting 
on the adequacy of these two volumes with regard to the 
stipulations of Section 304(a) . '?his letter deals preliminarily 



' 207 



with the glaring omission of tWo categories of (1) "factors 
necessary to restore and maintaiiithe chemical, physical 
andf biological irftegrity of all navigable water;" and (2) "fac- 
tors necessary for the protection of shellfish, fish, and wild- 
life," which these draft volumes totally neglected to 
address. 

One category of "factors" is generally referrfed to as 
"physical modifications" of natural watercourses and associ- 
ated wetlands that are integral to the aquatic life systems 
with which Congress is concerned in the Act. The proposed 
Criteria and Information documents completely ignore 
phy^cal modification techniques --dams, impoundments, 
levees, ''channelization, fills— as threats to the physical, 
chemical and biological integrity of the Nation's waters and , 
as destroyers of aquatic habitat, the very physical condi- 
tions that are essential t<?the protection and propagation of 
shellfish, fish and wildlife. 

We I believe that these two documents, particularly the 
Information document implementing Section 304(a) (2), 
must also fully discuss the role oi swamps, marshes, flood 
plains, naturaJ channels, and streani beds, stream vegeta- 
^tion, et cetera, as "factors" in preserving the natural 
integrity of surface and ground waters and in permitting the 
propagatipp of fish, shellfish, and wildlife. They also must 
discuss the threats to these resources and what can be done 
about these threats. EPA should face the fact that its pro- 
posed Water Quality Criteria could be fully satisfied with' 
water traveling in ^a concrete trough, pollutant^free but 
hardly reflecting the natural integrity which Congress in- 
tends to have restored and maintained pursuant to this Ac^. 

The goal of the Act is the restoration and maintenance of 
the ''natural chemical, physical and biological integrity pf 
the Nation s waters" by 1985 (Muskie). The House Report 
defines "that ecosystem whose structure and function is 
'r^ural* (as) one whose systems are capable ol preserving 
tmnselves'at levels believed to have existed before irrever- 
sible perturbations caused by man s activities." (Leg. Hist. 
Vol. I, p. 764). 

The word 'integrity* as used is intended to convey a con* 
cept that refers to a condition in which the natural struc- 
ture and function of ecosystems is maintained. 
As a concept, natural structure and function is relatively^ 
well understood by ecologists both in precise terms and as 
an abstract concept in those few cases where specific 
modification is not confidently attsinable. 
Although man is a *part of nature* and a product of evolu* 
tion, ^natural* is generaljiy defined as that condition in 
existence before the activities of man invoked perturba* 
tions which prevented the--system from retiUTiing* to its 
original state of equilibrium. 

This definition is in no way intended to exclude man as a 
species from the natural order of things, but in this tech- 
nological age, and in numerous cases that occurred before 
industrialization, man has exceeded" n at ure*s homeostatic 
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ability to respond to change. Any change induced by mai\ 
which overtaxes the ability of nature to restore conditions 
to ^natural' or 'original' is an unacceptable perturbation. 
(Leg.Hist.Vol.Xp.763) 

The •*1972 Water Quality.Criteria*' pre|;>ared by the Na- 
tional Academy of Sciences recognizes physical modifica- 
tions as responsible for the degTadatron>^of those very life 
qualities which the Act intends to restore and maintain in 
the Nation's wate^s (Vol. I, p. 124). The destructiveness of 
these techniques on the very ecological values the Act 
intends to protect has been well documented. Further, re- 
covery of natural systems destroyed by such techniques is * 
frequently meager and typically slow. Such a process of 
degradation is not allowed under the Act. 

In sum, we feel that EFA is legally bound to include in the 
final version of its Section 304(ardocuments a full discussjon 
of the integrated physical character of the aquatic ecosys- 
tems and the effects upon this natural integrity of physical 
modification techniques. A discussion of these engineering ^ 
techniques should address both their direct impacts and 
their indirect impacts on water quality through increased 
pollution loads, e.g.« sediment, nutrients, pesticides, heat, * 
et cetera. 

We feel that EPA cannot, from a legal standpoint, post- 
pone the issues posed by physical modification since Section 
304(a) calls for use of the "latest scientific knowledge." The ' 
**Iatest scientific knowledge** is replete with information on 
the effects on water quality, shellfish, fish and wildlife df 
physical modification techniques and EPA therefore has 
legal responsiBility to include a discussion of these tech- 
niques, their consequences, and changes in the use of these* 
techniques to bring their consequences in conformance with 
the overall objective of the Federal Water Pollution Control 
Act Amendments. 

W6 would like to s^ this issue resolved immediately, so 
that the more difficult task of implementing this require- 
ment of Section 304(a> can begin quickly. A prompt re- 
sponse from you would be appreciated. • 

Sincerely, 

Tom Barlow 

J.'G. Speth 



On Monday Mr. Jorling and Dr. Squires made a 
point that the 1972 Amendments marhid a pro- 
found change in the philosophy and approacnes to 
water pollution control in this country. The pbint 
bears reemphasis because even after 2V2 years of 
liyfng under the new law, a discouraging number of 
the people 'actually implementing haven't changed 
their thinking at all. 

The fact is you cannot effectively implement the 
72 law using 1965 assumptions. Consider the old 
law. It was premised on the anthropocentric idea, 
as Mr. Jorling pointedjjut, that aquatic ecosystems 
exist for the use of man. 

This assumption leads one quickly to one per- 
verse result after another. The first order of busi- 
ness becomes the designation %f the ''best use,** 
basically a ratification of the status quo, a legitimi- 
zation of the ecological abuse that had been previ- 
ously visited upon' the system. If a waterway is 
already an industrial sewer, it wouldn't make muc*h 
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sense to designate its best^use as primary contact 
recreation. 

Next comes the creation of water quality criteria. 
These are concentration levels for various pollut- 
ants, usually only a few easily measured ones, de- 
fining the limits which, if exceeded in the aquatic 
system, would impair its ability to serve man in the 
^ way assigned to it. , . - • 

Underpinning this process is the ecologically 
questionable notion of assimilative capacity, the 
idea that extraneous materials placed in the water 
somehow go away. Not eve^i simple carbohydrates 
are degraded without causing a response in the dis- 
solved x)xygen regime, probably the carbonate 
e<Juilibrium, and certainly' the types and relative 
abundances of organisms present. 

Invoking the theory of assimilative capacity, and 
to av9id the obvious but unpleasant fact of finding 
dischargers in violation right at their pi^, one is 
led to the device of defining a mixing zone. A mix- 
ing zone is a sort of ecological free-fire zone where 
anything goes. The mixing zone moves the point of 
regulatory control far enough away from the dis- 
charge to make it v^ry hard to assign blame for 
whatever violation might be found. It also leads to a 
cui^ous circularity typifiiad by a '|»;m>osed proce* 
dural guideline I once saw; it saidSl^t finding 
water quality criteria consistently violat^cl^utside 
the mixing zone may indicate that the mixin^zone 
as defined is too small. 

Use of this.sprJtwling regulatory scheme to ac- 
tually abate a source required the execution of a 
load allocation, whereby the hapless erstwhile reg- 
ulator had to allocate, based on assumptions al)6ut 
flow regimes, distribution of ^sources and Waste 
stream constitutents, dispersion characteristics, 
and more,* a portion of the total allowable load to 
each pipe^ 

Even if by great good fortune and Herculean toil 
this much were accomplished, the regulator found 
himself up against a whole series of enforcement 
delays, conferences, and admonitions that he not 
cause the unfortunate polluter an economic h)EH*d- 
ship. ^ 

Some States were able' to make a little progress 
under these conditions, but where pnollution was 
abated it usually was less the result of vigorous 
application of these procedures than the' result of 
what one analyst has described as "gun twiriiiig." 
Nationwide, it didn't work very well, and that^sjio 
surprise. 

Note that all the steps in the process flowed logi-^ 
cally from the. first assumption, that the aquatic 
ecosystem exists for the use of human society. With 
the 1972 Amendments, on the other hand, we have 
for the first time in the Nation's history a waterpol- 
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lution control law that takes a holistic view of the^ 
aquatic ecosystem. For the. first time, the objectivei 
is the restoration "and miaintenance of ecological in- 
tegrity, not the perpetuation of somebody s notion 
of "best use." For jthe first time there is the recogni- 
tion in law of the fact that- man tampers with .the 
fabric of the biosphere at his owA peril, that the 
options of human society are best preserved by pre- 
serving the intfegrity of. the biosphere^ o|f which*all 
depends. * * ^ * /. * • 

One m*ay well charge: This is very grandiose, 
perhaps even profound. Did Congress know^what it 
-was saying wit n these words? To answer this we 
need only consult^the legislative historj and the Act 
itself. y\ 

From the report of the House Public Works 
Comrnittee: "The word integrity is used to convej^ 
concept that refers to a condition in which the natu- 
ral* structure and function of ecosystems \% main- 
tained." This bears remarkable Similarity to the 
definition of ecological integrity put forth by Dr. 
Frey earlier. 

From Section 502 of the Act: ;;^The term pollution 
meansL the manmade or man-induced alteration of 
the physic^, chemical, biological, and radiological^ 
integrity of water." 

Senator Lloyd Bentsen, in floor debate on the 
Senate Bill: "We urgently need this declaration of 
National policy, at a time when environmental pol- 
lution desecrates the quality of our lives and even 
endangers human survival. It is an .eventual goal 
which abandons any concept that water has an as 
similative capacity with rdspect to pollution, and i 
is, therefore, a decisive redirection in NatioriaT 
policy." . 

Senator Cooper, also in the Senate debate: "I be- 
lieve the Bill and its purpose go even further than 
asserting that a public right resides in clean water. 
In a way, it recognizes an' even more fundamental 
condition. It asserts the primacy of the natural 
order on which all, including man, depends. It de- 
clares an intention to restore the natural integrity 
of the Nation s waters." 

Senator Muskie, in the Senate debate on the con- 
.ference report: "These policies simply mean that 
streams and rivers are no longer to be considered 
part of the waste treatment process." 

And elsewhere: "This legislation would clearly 
. establish that no one has the right to pollute, that 
pollution continues because of- technological limits, 
not because of any inherent right.to use the Na- 
tion's waterways for the purpose of disposing of 
wastes." ' ' ' 

I don't think there is" any doubt that Ck)ngress 
knew what it was about when these words were en- 
acted. Having stated this far-reaching objective. 



Congress went on to say that to reach it we must 
first obtain a goal of no discharge pf pollutants by 
1985, and even before that an interim goal, wher- 
ever attainable, of water quality capable of sup- 
porting fish and wildlife propagation and recreation 
in and bn the water by mid-1983. 

To back*up these rather dramatic goals, several 
no-nonsense regulatory progfams intended to cover 
point source discharges, toxic pollutants, and in- 
dustrial discharges to municipal systems were es- 
tablished^ Even n^pointr source pollution got some 
long overdue attention. There is a requirement that 
' regulatory programs be estaMshed in all parts of 
each State to implement plans designed to reduce 
noppoinf source pollution. These programs are to 
contain land use requirements wherever needed to 
do the job. * ^ - 

Congress also inserted a numbet*cyi economic 
safety valves, variances, in these regulatory re- 
quirements. The Water Act is not going to shut 
down American industry. 

All this leads me to several observations and con- 
* elusions about the way we ought to be viewing the 
^ integrity objective and what EPA could and should 
do (o get us moving faster in the-direction of achiev- 
ing it. ' 

A corollary of the integrity concept and the defi- 
nition pi pollution which trades it is that there is no 
such thing as "natural pollution." A ramification of 
it is tiiat assimilative capacity becomes obsolete as 
a justification for polluting the water. IiJCaCt, the. 
words, "assimilative capacity"|and "mixing zone" 
*do not appear in Ihe Act^ ^ . i / 

The question, "How pjucWleanup iS^necessary?" 
becomes a meaningless question jn terfn^-of the 
ultimate objective, though not in terms of^he in- 
terim water quality goal. 

It is not possible at this time to defin^ the integ- 
rity objective by any index or system of water qual- 
ity parameters. There is too great a diversity of 
natural conditions, conditions we can only infer. In- 
tegrity is thus not a regulatory tool in ^d of itself. 
It does not require us to reforest the eastern sea- 
board, dismantle our cities, and board the May- 
flower for Europe. It is mdre a statement of philos- 
ophy, a statement of National direction. It is not a 
mieritorious criticism of the current law to say that 
its ultimate objective is difficult to define quantita- 
tively. We have some good interim goals, which can 
be translated Into effluent restrictions, tp achieve 
first. We should get about the business of doing 
that. 

> EPA could get this country, moving along the 
course that has been set by screwing its bureau- 
cratic courage to the sticking place and starting to 
implement the law with a modicum of vigor. NRDC 
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has felt compelled to bring eight lawsuits already in 
attempting to get the Agency to abide by the^)are 
letter of the law, and most^f the regulations and 
• guidelines that are/central to the Act's operation 
have come out uiu^ibt court order. 

On the otl^r side, industry has brought about 
150 lawsuits taoverturn the effluent regulations set 
for them. It is a real brawl, and the program is 
sputtering along. ^ 

This conference is itself an example of the 
Agency's approach, where the Act requires the Ad- 
Jiiinistrator to develop and publish information on 
the factors necessary to tiostore and maintain physi- 
cal, chemical, and biological integrity. The Agency 
will, I^am told, puWish thes^ proceedings and call 
that compliance with the law. Where the Adminis-. 
tration is required to consult with outside groups, 
then explica^ -the. objective of thte^ Act, EPA will 
publish the (^'hsioliation itself ahd thus avoid giving 
Agrency approval to the "controversial" ecoldjftical 
pri^iciples that Congress accepted without too much 
trouble. \ ^ » 

Further, we w^ not see real progress until we 
get ourselves detached from the "chlorinate aAd 
dump" mentality. This means EPA must start 16 
fulfill its statutory obligatian to encour??|e innova- 



tion of the' quality '(/f.^&ter ivecessary for people to 
recreate in the river. In other words, what stand'.* 
ards of perfect health would ^ou require of river 
water befor^you swim in it? :^ ~ * 

Mr. Outen: I certainly don't Tiave the concentra- 
tion levels for each r^flevant parameter in my head, • 
but I think the' l^st cut we havf^ of that at .the. 
moment is the 'jvater quality criteria tlocument 
which has been proposed by EPA, blit not^et final- 
ized. The document flowed from, in some sense, tHe 
work of the National Academy of Sciences, which 
was a much larger effort and spanned several 
years. * * - 

I would say one other thing about that. Not only 
do we need to get that'water*quality criteria book ' 
out, (it was supposed to be done in October, 1973, 
Was proposed then and hasn't been finalized yet), 
we must make sure that the water quality* stand- 
ards that now exist are upgraded, and upgraded in 
time to influence and condition the setting oi per- 
^ ananent levels for 1983, in the second round of per- 
mit issuance. Those standards must include numej- • 
ical criteria for all pollutants for, which a numerical 
criterion is^ appropriate. Those , criteria that are ' 
duV adopted by the States must be at least as 
stringent as those in the 304(a) document or pre- 



tive municipal treatment technologies, especially sent a very strong reason why this, isn't the right 



land tecyeling 

More broadly, and here I will compound"the her- 
esy, we will not get there^fcrfitil we break the death 
grip that the sanitary e/(gineej»ig and economics 
professions have on all deeisi<r^ regarding the w'ay^ 
that essential materials circulate through society. 
The sanitary engineer must make room for the sys- 
tems ecologist, the soil scientist, the agronomist, 
the hydrologist, the forester, the microbiologist. 
We need a team approach, not a pJlire engineering 
approach,^ to solve a problem that i$ affirmatively x 
not an engineering problem. ' 

We must recognize that the field of economics is 
unequipped to deal with the broad questions of eco* 
system structure and function and therefore the 
quality of life we want a century, two centuries, 
from How. How do you compute the price of an ele- 
ment in the food chain th^ is not destroyed? What* 
is the cost or benefit of ^ unit shift iff the Shan- 
non- Weiner Index? 

Rather than responding to indi 
crises on an ad hoc basis, rather^ 
action and then measuring its effi 
date fundamental ecolo^cal prim 



lual treatment 
than taking the^ 
we must eluci- 
pies, then guide 



all human behavior by those principles. 

# *■ 

.DISCUSSION 

CHhimint: Fd like'to ask, what is your Interpreta- 



thing to do. I can't think of any at the moment, but 
-Fib leave myself that out. There is the fiu-ther re- 
quirement^that water quality stan<^ '^s throughout 
the country be upgraded to a leVe^ jsistent with 
the 1983 goal in time, to condition 1983 limits in 
permits. 

Comment: If you rej(;urn the rivers to their nat- 
ural condition, do you think they wouldn't be poK/* 
luted with all of the millions of buffalo and animals 
that werfe supposedly running around this country 
100 years ago? j** ^ ' \ 

Mr. ^ Outen: It would "M^e polluted under tn^ 
definition of pollution in tneAct, nor under the con- 
cept of integrity espcwsed by Congress. It is a corol- 
lary, as I said, that there is no such thing as natural 
pollution. 

The fact that the Yellowstoije Hot Springs were 
hot is no justification for making cold waterways 
hot. The fact that coliform bacteria existed before 
the white man, at least, and disrupted the system 
so badly, is no justiCcation for coliform levels of the^ 
sort we arpjiow creating. 

Comment: I can't resist trying to clarify one p^nt 
on your comments on capacity. You said that intro- 
ducing carbohydrates would make a change in the 
system *and1[)ecause of that there was no such thing, 
at least that is the way I interpreted it; 

That would mean a leaf falling into the stream 
would change it. I think the important point is the 
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deleterious changes induced or caused by the intro- 
duction of these materials. Equally important, I 
think we will agree for many compounds, there is a 
possibility of introducing waste materials without 
causing any identifiable or demonstrable deleteri- 
ous effects, not just changes or responses, but 
measurable deleterious effects. 

I don't'expect you to agree with this, \but if that 
were the case, then it would be the assimilative 
capacity. 

• /Mr. Outen: There are two points that spring to . 
mind. The first point is: deleterious to whom or 
what? The second point is that Tm personally not 
very reassured by the statement of somej^hat we 
can put things in the water that we are then unable 
to measure. The^first example that springs to mind, 
it mijght not be the best, is that rising levels of 
exotic chemicals in the water may disrupt- the 
spawning sys'tem of fish who are.confused by the 
noise introduced into their chemical communication 
, system. We may not be able to measure them, we 
m^ty not know what they are, we certainly will not 
. know that they are going to disrupt chemical com- 
munication systems, but it might happen. 

The prudent thing to do would be to make all due 
haste Tn the direction of not creating that sort of 
potential problem anymore. ' . 

- Comment: Mr. Outen, vS|ff mentioned that a key 
step toward achieving wawfr quality in this country 
was to break the death grip of the sanitary engi- 
neering profession on our sewage treatment prac- 
tices. - ' / ^' 
I want to make a statement that closes withfa 
question about **turnkey" contracts. Sanitary engi- 
neers are almost- alone among engineers in thi^* 
eeuntry in never guaranteeing the performance a^id 
the capital costs, let alone the first year operating 
and maintenance costs, of the plants they design. 

These sewage treatment plants ara sold to local 
governments and to EPA on the basisltf certain re- 
moval rates that will allegedly be met. Almost in- 
variably during the course of a year, or a quarter, 
or a month, pr even a week, these rates are not met 
in actual practice, but the sanitary engineers who 
designed the plants get off scot free because design^ 
ers-and builders do not share any legal responsibil- 
ity.Jor successful operations. We do not have a 
requirement for "turnkey" contracts that would im- 
pose cost and performance guarantees. While EPA 
now accepts this turnkey process, 4t has not man-, 
dated it: 

Jn conversations with the people who designed 
the Muskegon County (Michigan) Land Treatment 
System, I^have learned that they would be willing 
to live up*io cost and performance guarantees for 
their sewage recycling designs in the future. 



In conversations with more traditional sanitary 
engineers, however, I learned that they would not 
meet such guarantees because their stream dis- 
posal cant handle diurnal flow oscillations, dry 
weather-wet ' weather flow oscillations, and so 
forth. My question is. would you support the idea of 
mandating turnkej^Hcontracts with cost and per- 
formance guarantees for the^anitary engineering 
profession in this country? 

Mr, Ooten: I think yours' is a very sound analysis 
and I think that would be a very small and easy step 
to take. It would have enormous importance. Yes, I 
would support that. » 

Chairman Sager: I have to take exception to the 
last remark about sanitary engineers and i have to 
say that I have the highest regard for agronomists, 
ecologists, foresters, all of the basic scientific disci- 
plinarians who have added to the field of environ- 
mental knowledge through their various disparate 
disciplin^over the many years. I would like to 
point out, however, that sanitary engineering is, in* 
a sense, a comprehensive science because the Sani- 
tary engineers of' my acquaintance are also bio- 
chemists, organic chpmists, microbiologists, as well 
as structural engineers, people who understand 
thermodynamics, who u^^erstand the physics of 
hydraulics, and so on. 

I would hateito ^ee what would be the case in the 
Distri^ of Columbia at the present time if 280 mil- 
lion gallons of raw feces and urine flowed down the 
street without th* expertise of the sanitary engi- 
neers, z**^ 

I also have to take exception to the remark that 
was made that industry has gone to court to try to 
avoid or evade the limitations which have been put 
out 'for them by the Environfiiental Prcftection 
Agency. Although there are court cases, I person- 
ally believe that the idea is not for industry to 
evade discharge limitations. In the first place, the 
Act has a pro forma clause built into it which says 
that anyone wHo wants to sue for any reason' at any 
time should file suit within 30 days. 
' Most people who read the small print at the bot- 
tom of the page go ahead and have their attorneys 
file a suit against the Agency so that they may thei> 
review what has happenecl. In many instances, and 
I think even the people in the Environmental Pro- 
tection Agency who have worked' on these limita; 
tions will not deny, the^constraints put on the con- 
tractors because, of tlie time frame allow little 
opportunity for data collection and particularly data 
generation for those industries who did not have to 
have itrr^|j|[cpllecting data. » ^ 

Therefore, many of the limitations, industrial 
limitations, that came put under Section 304 ^d 
306, were incorrect. There is no way to put a point- 
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jng finger at aliyone who is culpable. No one person 
is- a part of the total operation of meeting tech- 
nological and scientific deadlines untler a time con- 
straint and I; persondly., believe, and I belieVe I 
can justify my statements here, that those which 
, ajpe incorrect are incorrect for the reasons which I 
gfave and" the industries have gone to court to'^pro- 
test the incorrectness of them. -The Agency will 
work to revise and has already started to revise 
them. ' 

^ JJm very pleasetGvith the idea and the interpre- 
tation of the Natural Resources flense Council 
• about maintaining and trying to return natural eco- 
systemic balanc'e. 

I ^hfnk everyone in the room has heard today, 
and probably yesterday from Ruth Patfick and the 
other ficofggists who have spoken, that we all de- * 
pen!d on a«natural ecosystem. I personally can stop 
my car when I see childi^n running across grass 
and breaking off trees and so on, and try to point 
out to them that we are' dependent on the green 
plant^also. 

Comment: I didn't mean to criticize the sanitary 
engineering profession for its 19th century accom- 
plishment of getting viruses, bacterid and other 
pathogens off our streets and into our rivers. That 
was a necessary stage of development, but it is no 
longer acceptable. • . 

What I am proposing, basically, is the accom- 



plishment of tertiary sewage atment on the land. 
Most sanitary engineering firms do not have soil, 
crop markethg, and agronomic^specialists on their 
staffs, nor have they worked with these specialists 
under contract. 

This biases them in favor of the river or lake dis- 
• posal approach, and they end up throwing perfectly 
good nitrogen fertilizer into the water. They're 
going to continue dokig this right here in Washing- 
ton at the. Blue Plains tertiary p)ant because.the 
methanol cost of denitriffcation has skyrocketed out 
of sight. ^ 

When we thrq^ away sewage nitrogen, it forces 
us to produce nitrogen iertilizer which consumes 
large amounts of natural gas and electricity and 
also eventually degrades the soil because it lacks ' 
or^nic matter. ^ 

Itus the sanitary engineer's failure to take this 
holistic view of things that Mr. Outen was trying to > 
get at. I think he Was justified in his criticism of the 
sanitary engineering profession. 

Chairman Sager: I, myself, am an ardent s^ 
porter of land-b^ed treatment sVstems as 
many students can attest to. However, I personally 
don't believe there'ss^pe^dlution to any one of these 
problems. I don't believe there's orte solution for all 
the NationVwaterways. I believe we have different 
solutions depending on the situation within the 
wa^^ays. 
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Socrates once said that if any man -intended to 
argue with him, that man should first define his. 
terms". *The integrity of water" is certainly a terrn^ 
. needing definition. This entire session, in {act, haT ^ 
been devoted to the <fe&cussion of possible int^r^ 
* tations of t^iis seemingly simple phrase. Socrat^ 
' would ha^e, appreciated our attempt to ^define 

terms. \ 
The dictionary defines integrity as the- sound- , 
. hess, the state of being, the honesty, or \yholenessv - 
We fiave4)een trying thus far to decide just what \ 
. meaning Congress did intends I woUld like to ap- ^ 
proach this question froni'the other side. J would 
like to consider just what Congress prob^bly^ did 
hoi intend. 

First of allii^then, it might be well to point. put 
' that "integrity'' does not necessarily mean "virgin- 
ity .".Jhese^wo words may have the same meaning 
in a'specific instance, -btK they are not synonymous. 
-^I feel certain that Congress had no thought of con- 
sidering them to be so when it included tbem in 
Law 92-500. ' * 

In the second place. King Canute demonstrated a 
great many years ago that inanimate objects such 
as large bodies'^of. water do not readily respond to 
public decree. • » ^. \ ■« 

One method of classifying all things ifi this world 
is to divide them under the three headings of solids, 
gases and liquids, but this is a classification of the 
inanimate. I believe that it is meaningless to talk of 
"maintaining the)integrity of water" -the integrity , 
. of an inanimat^hing? Rather we should be §tatmg 
it as "integrity in the use of water." 

In the third place, it fieems highly improbable 
' that the intent of Congress was to create a favored 
part at the expense of a remaining and less-favoretf^ 
whole. On^ does not put a smooth top on a table by 
first creating an optically flat surface of one square 
inch in area and then moving on to another square 
inch. You start by sandpapering the entire surface 
and theii going to finer paper, then to puinice, then 
to rottenstone, and finally to optical polishing. Your 
goal— which you mufet never lose sight of-is to ar- 
rive at a smooth tabletdpj^nd a square inch of mir- 
Vor surface is notnhat goal, particul^ly if m 



accomplishing it,' you seriously roughen or gouge an 
adjacent^ area. Just se must ,we, in our smcere, 
justifiable and laudable concern about the environ- 
ment of our space ship. Earth, be C3refu|.to avoid 
what I call "The pptical Flat!' syndrome. • 

There are encouraging sighs' thdt the- danger of 
this syndrome is being recqgiifzed. There was a^' 
period in the early sevet^ties when the reverbera-- 
tions rising frism the beating of Areasts, and the 
alternate thumping of chests thrtotened to drowi 
out the quiet Voice of reason. It itever happened, 
*f<Jrtunately, and that voice can still be -heard quite 
\clearly-if'one will just stop and listen. But we 
jnust listen carefully and to all that it has to say, for 
. this is a complex world. In fact, the complexity has" 
become like the mythological giant Aiitaeus, who 
could be knocked off his feet but would arise again, 
10 times stronger than before: In the sanie fashion, 
; each problfm sofved today seems to calfe^ 10 new 
o;ies to ariie\ Accordingly, we become .confused at 
times and liisure of which way to turn. We are well ^ 
aware that/ we cannot exist indefihitely on earth if 
we contiftde to act in the futui:e as we have acted in 
the past. But what Aould we' be doing? We know 
hoyir tp -distinguish between the experts and the 
pseudbexperts but the experts themselves are dis- 
agreeing. We are grateful, therefore, for that quiet 
voice 6f reason and the advice that it gives us. 

In the first place, reason says quite simply that 
no cataclysm*is imminent, but tWft the^e^are some 
on the way if we don't take the ippropfiate action 
to prevent them. A bomb squad confronted with 
the- problem of defusing a iseries of^iipe bombs 
always starts with the one susi^e<?ted of being set to 
go off first. We must proceed in th^e same manner. 
Is our bomb a discharge' of raw- domestic sewage 
that could start an epidemic next summer, or is it a 
particulate problem, in the , upper atmosphere 
which, by reducing the solar ^n^rgy reaching the 
earth's surface, could bring on an ice age In a few 
thousand years? o , - . x 

Secondly, reason continues, we cannot wait to 
start/corrections until wejca!|^i%ve 100 percent as- 
surmice of success. Someone has to be first. There 
is no such thing as certainty. Nothing is ever done 
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wfthout f isk in this world. However, reason's risk Another way of describinK the integrity of the 
does not mean playing Russian roulette or betting^ " whole is by simpfy referring to it' as "balance." In 
all that you haVe on the "come ckrd" in life's poker' , , industry, just as out^de indu stry; balance refers to 
8*™®; • . ' ' • ' Ihe* portions of energy^ and economic adequacy al- 
. Thirdly, reason is the. power of compreh^ng lotted t^Hifferent peo"ple-1o raw mafterial sup- 
facts in an orderly or rational way. We must be cir- pliers, to transpo.rters, to ma jdfacturers, to equip- 
tain, therefore, that all known jpertifaent facts .are ment suppliers; to distriMTfJ rs, to consumers, so 



considered. What is mofe, new .facts are being 
added continuously and, as new facts .are* intro- 
duced, reason's conclusions will change. In ihi^ 
tliird point lies ojie of our biggest problems. How do 
^we know that the conclusion which^^w^e may have 
reached would not filve been 'different' had, we but 

^ had more Ifacts, mpi»e t^uth, a broader perspective? 
If reason is to stand iip/lt must be based on all the 
• essential facts. Reason is, therefore, concerned 
with the whole. 

Maint^n the integrity in the iise of water? What 
aboujp in^tegrity in the use of air or land or people? 
^hat about integrity in th^ use of that basic essen- 
tial of all living^ings, namely, energy? Mankind 
must be concernea with the integrity of the whole 
since mankind is the only form of animation on the 
face of the earth which is capable of so doing. 

Tlie whole! Trying to grasp the concept of the 
whole boggles the mind. Yet, immense as the prob- 
lem is, it fnust be dealt with. For this presentation, 
I have ch6sen ta separate the Whole into two parts: 
the animate and the inanimate,. and have specified 
ourconcern as being with the animate. . 
All animation starts at the same placed viz, with 

^ energy. (Perhaps the old sun worshippers. weren't 
to^far off after all.) But .while all animation may 
start with energy, it ends with people. At least it 
does today. It didn't millions of years ago back in 

' the age of reptiles, and maybe it won't millions of 

- years from now, but it does as far as we are con- 
cerned, and the integrity the whole can then only 
be judged as it relates to people 
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People! Old people, young people, profession^ y strain wflfc'occur to oAr biological environment; nor 
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tha]t they can all be fed -and clothed and housed and 
obtain satisfaction Jrom life:^* v * 

I would like to comment at t his pointon those two\ 
phrases frequently hfeard.; namely, "the balance of ) 
nature" and "keeping rtatu^re in balance." I woul(r 
* point ouLlfiaf naturej/s bal mce. She takes what 
she has available and- ,i)rirt| :s' it into balance by 
'means gl her' natural laws: ' 
ance of nature" is like talking 
water." 

Man and his ingei^uity ar^ a part of nature or ot 
balance. 1^ it were jte^to ilature without man, it 
would become a question^^oflthe survival of^e fit- 
=test, like the caribou herds who are kept free of the 
diseased and theWak^y tHe wolf packs. We would 
then become a civilizatipn*ot ^^ight lifters and line- 
backers and prize fighters]— no Mozarts or Edgar 
Allen Poes. No Byrons or Wobert Louis Stevensons. 
Aftei: all, nature's ingenuity results^ only from her 
variety. Man's variety results from his ingenuity. 

I suppose tt]at there^ aye few thoughtful people 
who would dispute the pojnt that successful life is a 
m,dtter ofMjalance.' The difficultv prises from the 
fact that evjeryoife thinks that be or she is standfng 
Jon the fulcrulta, , 

Also, I would point oui that in no way I apolo- 
gise for the, profit hioti^e— in^no way! I can say this 
as an individual asr well as ^representative of indus- 
try. Everyone has the/p^ofU* motive!. The ,averas/ 
filliOg. station employeb ^o^sn't pump gas s6 )^t 
more people can see thfe beatities of America; or'the, 
average plumber cleall odt a^septic tank so that less * ' 



people, people in public office, people in industry, 
people privately employed, people, people, people. 
A(ter all,' doctors or engineers, white cbllar or blue 

* collar workers, legistetcft's or educators -all have a 
common denominator. Tbey are idl jjepple.^nd ali 
require two basic things if they are to exist-^ 
energy and economic adet|uacy. Sometitnes \Y,e may 
lose|j^ight of this latter fact, but usually not for long 
Ifecause someone will bring us to an "about face" 
(and il^is usually a somewhat "shamed face"). Pro- ' 
fessor Henry Luce, writing vBc^fit^ in the Wall 
Street Journal, gives one of £lie 1^est;;^^xamples of 

^ow goals may be lost sight't)f. He said: "Sometimes 
it would appear that the goal was not to protect 
Americans from dirty air, but to protect clean air 
from Americans." 



does the/average ^dcK^tor or nurse' or lawyer or taxi 
cab dri/er.or farmed have as his prime motive the 
maHitig of Wis world a better place to live. In many 
cases, th^k heaven, it i§ a motive/i^t it is usually 
a secoi\dary one./I ia^;^4cnown certain doctors and 
ministefts,''a nuiftb^* of social workers and k nurse 
or two, whose^ grimary aim was to make people 
happy. I wish/there .were moce like that. I also h«ive 
Jknown ceftaun indust):ialists whose primary goal 
was to make theirgcoipmunities bfetj;er pF^ces to live 
in. I wish/there Were more like that, also. But le^s 
face it, the great Aiajdjity of us afe motivated by 
more than the gf&al of having enough food to eat and 
clothesr to wear and a roof <yver, our Mads. We want 
to iniprove^ur standard of living. This mean's that 
Wa >vant things that we don't abablptely deed. If 
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. there are those in the audience to which this state- 
ment doe;5 not apply, I salute you. But you are not 
in the majority. In fact, you are not even a .very 
lai;ge minority and, if yoU' will honestly review in 
your minds th6 many people that you know, you 
will agree with me. 

And I do not believe that this is a criticism of the 
. rest of the world because th'ey happen to feel this 
way! I believe that the definition of "profit" should 
be changed from the dictionary definition which . 
calls it: *The excess of retuftis over expenditures," 
to the more realistic one thatwould defiire profit as: 
"The attainment of a tetter life." 

Just as Socrates was annoyed by a lack of defini- 
tions of terms, so also am I irritated by a misuse of 
terms. I refer specifically to a name used so indis- 
criminately by our friends in the media that the 
term is threatened \yith* complete perversion. The 
word is "environmentalist," when the -phrase "en- 
vironment-minded" should be used. 

We all continually see headlines that cite some 
conflict between the ''Environmentalist" and Indus- 
try or Commerce or Educators. This is just not re- 
porting the situation correctly. There are environ-^ 
mentalists on both sides of most cases -people -who 
are studying tKe imegrity-irf-rtT^ Usually, 
however, the individuals dubbed "environmental- 
ists" are not qualified for such a designation, having 
read only the first chapter of the book. 

As a member of the papQF industry, of course, I 
would be veryjiesitant about criticizing the media- 
-especially the press.. I hasten to suggest, there- 
fore, that perhaps a change in the definition of the 
word "environmentalist" would be the best way to 
compromise on the matter. A definition such as the 
following would probably satisfy all but the true 
environmentalists who, alas, do not constitute a 
.strong voting blo<fk. **An environmentalist is a man 
(or Ms.) who is sincerely dedicated to the task of 
improving the environment— and is so certain that 
he knows how it should be done that he is willing to 
bet all your money to prove or dispro\fe his theory/ 
These individuals may be sincerely^ dedicated to 
preserving the worldMn optimum condition fOr fu- 
. ture generations, but an individual is no more quali- ' 
' fied to termed an environnjentalist just because 
he i§ environment-minded than he is 'to be term^ 
an economist just because he is economy-minded: ^ 
And yet this misuse goes on and on. 

But back to the subject of maintaining the integ- 
rity of the whole, the thesis of my. talk today.' How 
can we avoid the "optical flat" ^ndrome? 

First of all, we must learn to get far enougli away 
from the immedia^ problem to be able to view it in 
perspective. We all are amused ,by the story of the 
blind men and the elephant, for vce all appreciate 



that if-you^would accurat 



wild elephant. Yet, ho\y 
^d^irability of solving the 
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Ay describe an elephlant. 
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you should stand wdl back -particularly if it is a 



many of us see only the 
problem af'hand and not 



the future consequences cf that solution. 

The concept of the environmental impact state- 
ment has opened the window to a broader perspec- 
tive. Many o^^ these statements, however, have* - 
been off to false starts and sonie are falling by their 
own weight. Her6 again, the fact is sojnetimes^ 
Jk)eing lost sight of that they are not goals in them-' 
selves, but only meani 1 3 an end and can easily be-, 
come optical fl^ts. They are, however, headed in 
the right direction" t6\ rard an "integt-ity pf-'Uie 
whole" and, in the prQ<ess, are making;;n<5re ahd 
lore individuals consider more and pntJre factors\ 
.'he big reifearch agencfces-of the Nation are going ^ 
eeper in thefir studies and looking into side efiects^' 
Aore than has ever been the case in the past. There 
is an encoiiraging glowjpn the horizon! 

But blind men still c/ing to elephants trunks and 
in so doing impede progress. Means ar6 still being ^ 
confused with ends, id the latter connection, I grow^ 
very weary of hearing the argument given for some 
particular schem/ that it is teclinically feasible. 
Usually th^ point is delivered thunderously and 
drawa thunderous applause irom some active con- 
tingent in the audience. InTebuttal, I usually point 
out that it is technically feasible to build an 18-lane 
highway from/Washington to New York City. 

"Why don't we do it then," I ask. "With jiine 
lanes of^N^rafffic*g6ing each way, with the speed if ' 
each lane caitefully regulated, it would certainly be" 
safer. Perhaps someone in this very room today 
may be killedin an accident on the .present highway 
to New York, an accident jthat would not have taken 
place if thers had been an 18-lane highway, dsn't a 
human'bein^ :s life worthy, of consideration?" 
] I never press the audience to really answer the 
^estioit -lljust want them to think about it a little. 

Absurd as this exaniple may sound, it.vhas its . 
counterpart in everyday life. Far too many regula- 
tions are Wing proposed today on the ba3is of data^**^ 
demonstrating them, to be attainable rather thaji ' 
with data*demonstrati/ig them to be needed. 

Anotheif example of the opticaf flat syndrome is 
the attempt to^go too far too fast in correcting some 
existing problem with no consideration given to the 
side effects that may develop. Pressure for rapid in- ^/ 
greases if the percent of recycling is one example^.t^ 
These pressures sometimes take the form of new 
specifications for materials to be purchased by gov- 
ernment bodies, or of boycotts of cert^rioroducts 
by organizations, on the basis of some^mtrarily re- 
quired Content of reused materiaL^ch pressures, 
created/ in the worthy cause of €!Xtending our nat- 
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ural resources, may result in an effect which is 
exactly the opposite, simply because the whole 
problem has not been thought through. 
> In the paper industry, newsprint is an excellent 
illustration. Most of the newspi^t is manufactured 
in northern Canada and the southern United 
States, but by far the greater part of it is used in 
the large cities. Newsprint is one of the cheapest 
paper products and you cannot piake a silk purse 
out of a sow's ear in the paper industry any more 
than you can anywhere elie. ^ 

The use of old newspapers is, therefore, pretty 
mucK^imited to boxboard grades or the manufac- 
ture of more newsprint* The logistics problem, 
hpwever, that would result from the yearly ship- 
ping of thousands of tons of waste newspaper over 
the thousands of miles of track to return it to its 
place of manufacture would create an added drain 
on our energy supplies. Also, one must remember 
that a single freight car will hold over half again the 
weight of newsprint rolls than it will of waste paper 
bundles, so more freight cars would be heeded. 
True, the' added use of energy would be partially 
offset by the reduced use of tree;^ in the manufac- 
ture of newsprint, but the growtn of trees draws no 
energy from our limited resources -beneath the 
earth's surface. Rather, the source of energy foV 



from the stacks when the solving^pf the air pollution 
problem by this method can be accomplished-only 
by creating, an equal or more s)^ri6us problem in 
sludge disposal, ^ problem which the coijipahy 
would have to reckon with for all the foreseeable 
future. Some companies have allowed themselves^ 
to be pushedanto going ahead«with Ais method, but 
now a new citrate process |s being propose^! ^ich, 
' it is theorized, will minimize the solid waste aspects 
of sulfur dioxide diaoosal while accomplishing the 
necessary removal. ^hat of the company 4hat has 
shouldered not only the expense of installing the 
lime scrubbing process but has saddled itself with a 
horrendous sludge disposal problem, while the rest 
of the world has waited for the technology tode- 
velop and ^len gone down the new road? 

Or agaiinJVe have had an excellent illustration in 
one of oijf)lCimberly-Clark mills of the necessity of, 
standing bade to obtain an overall pictur^.. As you 
may recall, iWas only about 4 years ago.that joint 
treatment of n^unicipal and industrial wastes was 
being touted as the panacea for all pollution afDate- 
> ment problems. Authorities have backed off since 
then, but in 1970 and, 1971 it was considered the "in 
thing." - , / ■ 

, The mill that I refer to is in a small town which 
was then <as now)^nder order to construct new and 



trees, like the sourc^of energy for all living things, improved sewage treatment facilities'. It was gener- 



is the limitless 3ource, the sun. 

Quantities^ ^of old newspapers are recycled into 
other grades, as mentig^fd previously, but the 
amounts are b^ed on the problem of the whole and 
recycling in other industries has similar limitations 
brought on by the overall picture. 

Actually, recycling is nothing new. We have been 
^•ecycling materials for generations and the amount 
Recycled has sought its own level in each. We know 
that we will continue to recycle fdr generations and 
jan ever increasing rat^e. To attempt, however, to 
force an immediate change in this single^area with- 
9ut regard for related areas is to attempt to create 
r^n optical flat —and a very small one. 
^ Still another example is the insistence that action 
must be taken immediately even though the ade- 
quacy and the economic impact of the available 
technology may still be in doubt. Reason has stated 
that 100 percent assurance of the success of any 
project is a luxury we cannot expect, but in the 
same breath reason warns against Russian r5u- 
lette. To embark on a venture', the (ailure o/ which 
would spell disaster for ^our company, is to play 
Russian roulette with both your investors and your 
employees. 

A power company, for example, could hardly be 
blamed for resisting the installation of the lime 
scrubbing method for the removal of sulfur dioxide 



ally assumed that this was an ideal case, if there 
ever was one, for joint treatment. Half of the waste 
load wolild come from industry and half from the 
municipality. It would thus have alhthe^well known 
advantages of joint treatment such as' ih^ econo- 
mies of size, the superior $upervision possible in 
one large plant, the elimination of proliferations of 
small plants, and a system whic^l contained wastes 
that would neutralize each other^^hat is more, the 
Federal governrflent would shouldes a major por- 
tion of the cost which, of course, -in the minds of 
some, meant that that part would' be for free. 
Consideration of the actual facts of the mattei^» 
however, revealed ,some additional pertinent 
points. * 

In the first place, the manufacture of sanitary tis- 
sue produces no pathogens or disease germs such as 
are present in all municipal treatment fa<iilities. For 
this reason, it is not mscessary to disinfect the 2V2 
million gallons of used \<^ater being discharged daily 
to the river from the tissue mill. Once mixed with 
the 2 million gallons of sanitary sewage^ however, , 
as would be the case in any joint treatment facility, 
the entire 5 V2 million gallons of effluent woul^ have 
to be disinfected. This would mean using over twice 
as mjich chlorine as would have been necessary to 
chlorinate that portion needing disinfection. 
This latter poin^as a telling ope with the envi- 
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ronmental-miuded. The doubling of the cost of the 
process carried little or no weight, but the needless * 
expenditure of energy in the production of the chlo' 
rine that would be confpletely wasted caused some 
of them to stir uneasily. ^ 
• • A second factor: Sludges from municipal plants of 
this size usually depend upon anaerobic digestion to 
render them innocuous. After anaerobic digestion 
they are dried and hauled away to be used in a Jan3- 
fill site where they eventually act,as a much needed* 
soil supplement. Contrasted with'this, broken cellu- 
lose-fibers, the sludge from a tissue mill, will not 
readily digest anaerobically and hence cannot be 
treated by this method. Since tissue sludge is innoc- 
uous as it leaves the mill, it carfbe hauled directly 
to landfill, soil amendment, or some similar disposer 
method. H it were to be mixed with municipal 
sludge dliring treatment, however, incomplete di- 
gestion of tlvat municipal sludge would take place 
and State regulation forJbade the disposal of undi- 
gested or raw sanitary sewage in landfill Sites. Ac- 
cprdihgly, if joint treatment wer^ contemplated, 
some method other than anaerobic digestion would 
have to be utilized for disposal of the sludge. 

Studies made by Kimberly-Clark showed that 
burning or liquid oxidation wQuld more than dbuble 
the cost of municipal sludge disposal over that of 
landfill disposal. However, the cost to the corpora- 
tion would be considerably more than doubled, 
since Kimberly-Clark, would certainly hp expected 
to pay for the added cost of disposing of the munici- 
pal portion ol the sludge as well as that originating, 
from tjie tissue mill. After all, the city would be 
forced to go to this new method of disposal only be- 



ent iHKimberly-Clark hadn't agreed to participate 
in a joint treatment project. 

'Ergo— the cost of all air pollution abatement fa- 
cilities and the energy required to operate them 
should rightfully be a Kimberly-Clark problem. 

And so the final decision wds.?or our corporation 
to build its own plant for treating our own wastes — 
a treatment designed for our own specific needs. 
This plant has been in operation for over 2 years 
and has been doing a very laudable j(^ 

Any learned presentation dealing wHh some crit- 
ical problem facing the >Iation today always ends 
with a recommendation for immediate, action by 
everyone. Action— usually drastic action— which 
the speaker is certain will completely solve the 
problem. In' this discussion of the integrity of the 
whole, therefore, I too, would like to make a recom- 
mendation. It will not completely solve, the prob- 
lem, but it will certainly, help and it something 
evferyone can do. Here it is. 

In heaven's name, let's take a positive attitude! 
Let's stop beating ourselves over the head as 
though integrity were a thing of the past! Let's pro- 
claim to each other and to the world that the last 
decade has seen a complete turnaboyt on the envi- 
ronmental front in this Nation. Let*s give and take 
credit for the gains made. 

A little over 3 years ago, I had the opportunity of 
discussing the environmental situation with Hugh 
Downs of Today Show fame'. Jn the course of our 
conversation, I pointed out that in spite of the clos- 
ing o£ some shellfish beds due to the buildup of bac- 
tei^tSl contamination, and some instsfcces of greater 
algal bloom laid to the increasing use oj^hosphates. 



c<use of the presence of industrial sludge. If this f^hings generally were starting to improve. 



method cost the individual citizen more, it was 
maintained, industry should bear this added cost. 
You will admit they had a point. 

From the energy standpoint, sludge disposal by 
incineration is never self-sustaining at all times. ^ 
Supplementary oil oi* gas is always necessary. ' 
Again, this^ added eii»?rgy requii:ement would be 
used to accomplish something that could be realized 

• in another manner— landfill— a method requiring 
far less use of energy. 

But, there was still another major factor that 
went into the final decision. Incineration would 
mean -air pollution unless adequate steps were 
taken to prevent it. These adequate stepfs would 
not have been necessary if there had been no incin- 
eration. Incineration Would not have been neces- 
r'sSry if sludge could have been digested anaerobi- 
cally. Sludge could have been digested anaerobi- 

* cally if there had been only a small percentage of 
cellulosic material present. There would have been 
only a small percentage of cellulosic material pfes- 



;0f course they are,'* Downs said. "Everyone 
knows that the smog in London in Charles Dickens' 
day was far worse than it is today. Fish are being 
caught in the Thames where no fish have been 
found for 100 years. In this country, reports come 
through almost weekly of some stream or river that 
has turned the corner and is now on the road to re- 
covery." > 
"Why, then, won't anyone admit it?" I asked. 
I thouglft his answer was a thought-pjovqking 
one. . 

"Perhaps it's because of the nature of the society 
weMive in. It's a crisis society. Things have to reach 
crisis proportions before we will take action on 
them, and then we do and it's often violent action. I 
think that environmentalists are afraid that if jt is 
ever admitted that things are getting better, the 
public will heave a sigh of relief and say, *Well, that 
is taken care of. Now what do we ^^orty about 
tomorrow?'.'/ 
I think that he was right. But, while he may have 
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been correct 3 years^^ago, I would hope that, envi-* 
•ronmentally speaking at least, we are becoming big 
boys now. We had better be because it takes big 
boys to handle the whole problem. 

In closing, I would like to read you a short poen] 
written as I believe James Whitcom^JRiley might 
fiave written it had he turrted his IJkJosie) attention 
to environmental problems. I^u^^e thaf it might 
be considered a fairly long^Ju^^pfr^ Socrates to 
Jam^s Whitcomb Riltey, but it is probably not out of 
place at this session. I ha^e observed some of my 
eiwironment-minded frientk jumping further. At 
any rate, her^ are the immorWlines: ^ 
Environmental Protection'sK^ome to 
our house to stay. ; 



To clean the lakes and rivers up 
, An* brush the smog away. 
An* shoo the flies off of thd dump3 
An* bury pipelines deep. 
\ An* monitor and prosecute • 
'An* earn its board and keep. 
•An* all us other children 
Wheq we*re feeling most perplexed 
We get the Federal Reg*ster out 
To see what*s^commin* next. 
For you*d better read the witch tales 
That paper tells about 
Cuzz the EPA will get you 
If you don't watch out.^ ^ 

R. M.Billings 
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In the days of vaudeville, the star act always had 
a special position on the program. It was custo- 
marily made the next to the last item, on the theory 
it was a climax to everything that went before, but 
shouldn't T>e placed last "because that was th6 time 
when people started leaving. 

Therefore, Fm honored to be in the next-to- 
closing spot today. All personal considerations- 
aside, I hope that the thought in putting the public's 
outlook near the end was not because that topic was 
an afie^rthought, but because it was considered, 
especially important. 

My main point this afternoon will be that the pub- 
lic outlook is not oYily important but is the^most 
important aspect of all your undertakings. 

You've all heard the old philosophical concept 
t*hat a tree falling in the forest, doesn't make any 
noise if there isn't someone there to hear it. 

The same concept is true, in a very real way, of 
all endeavors that involve the public in general— 
and few things, of course, involve the public to a 
greater extent than water. - 
o Whether your efforts on behalf of water quality 
are in government, science, private industry or 
conservation, those efforts are critically dependent 
on money. The ultimate source of all money is the 
public. And the public won't, in the long run, supply 
financing for a program or a project, no matter how 
worthy, unless the public is convinced that it is 
worthwhile. ' ^ 

We've all seen programs, even programs with 
merit, go down the drain because public support for 
them, for one reason of another, had evaporated. 

The most frequent reason that publi^ siipport^ 
evaporates is that the virtues <?/ a prograim are not^^ 
adequately communicated to the public. Thai is 
what I want to talk about briefly. Communications. 
I have no credentials in water technology or in 
' water science, but I do have some 30 years experi- 
ence in various^fields of communications. 

I tfiink the two most important facts for people 
dealing professionally with water to realize are 
first, thatjhe cornerstone of their work is public 
understanding; and second, that professionals, in 
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the main, aren't communicating as effectively as 
they might because they don't talk.apd think about 
water In the same language as their constituents. 
I'Jl try to give you an example from another field. 

About Vh years ago the atomic power industry, 
worried about the rising resistance to nuclear 
power plants, sponsored a scientific opinion survey , 
to find out how the public felt about nuclear pbwefT^ 
The industry was very pleased with the results, 
which §ljggeste<rthat80 percent of the public was - 
favorable tow^^d atomic power. I happgneid to be 
one of the speakers at a conference wher^ These re* 
suits were reported, and Fm afraid I was the skunk 
at the .picnic, because I said that it seemed quite 
plausible that people, if asked whether they were 
for or against atomic power, would say they were , 
for it. ^ 

But I suggested that this popularity was resting 
on sand if people had no^real understanding of the 
pros and cons of atoniic power. I asked the atomic 
power people, in the conqection with real under- 
standing, how many doorbells they thought they 
would have to ring before they found somebody 
who could give them even an intelligent definition 
of something as elementary as background radia- 
tion. It woOld certainly be a small minority. * * 

Lack of understanding is why opponents of 
atomic power like Ralph Nader areJiaving such an 
easy time knocking that 80 percent favorability irito 
a cocked hat. I'm not sa3dng Nader's right or 
wrong, but I'm saying that when the debate gets 
going and one side or the other doesn't have the am- 
munition, it gets knocked out of thejx>x. 

I think something of the sarnie sort applies in the 
field of water. Everybody uses water; everybody 
depends on it; for hour-to-hour survival. So I think 
there is a subconscious assumption by many profes- 
sionals that the public is as familiar with the nuts 
and bolts and ^ros and cons.of w/iter management 
as professionals are. ^ » 

But, look at it this way: How many doorbeUs do 
you think you would have to ring, before you could 
get an intelligenyjefinition of something as elemef!- 
tary in the water picture as BOD, or coliform, er 
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deep well injection? How many laymen could tell 
you that salmonella isn't some kind of fish or a new 
dance? > 

Ten years of writing about water quality in its 
various forms have shown me that public knowl- 
edge on the subject is very limited. People think 
water is clean if it looks clean. Conversely, they 
panic if it has the least* bit of color, odor, or turkfi- 
dity . Most people don t even know where their par- 
ticular water supply originates, let alone what it 
coSts them. They have no idea of the processes that 
it goes through for purification. They don't know 
that a half dozen chemicals may be used. 

You can see this when community disputes erupt 
about fluoridating water. People react as if putting 
any chemical in water— regardless of its medical 
naerits or demerits and regardless of any civil liber- 
ties ramifications— as if fluoridation was, per ^e, 
evil because it amounts to tarfipering with water's 
pristine natural virginity. 

The public is angry about water pollution, mainly 
because the result js aesthetically distasteful. And 
they are willing to put out quite a bit of tax money 
for water quality as^ long as thte levy is rather in- 
visible. ' " , 

It is easier to raise a million .d6llars through Fed- 
eral taxes fon water pollution abatement than to 
raise $1QO,000 to improve the*^ local community 
systeips. « ' 

Finally, the public is impatient with the pace of 
water quality improvement. The •average citfeen 
builds a garage in a couple of months. He cSn t see 
why a sewage jJlant can*t be pij^^up in £he same 
time. * ' 

Now, how does this limited public knowledge af- 
.fect professionals fn water quality? Well, as Fye 
said, if people don*t tinderstand your programs 
thoroughly, you have a shaky foundation of si^pport 
when the in^jgtable crunchfes come and some poli- 
tician wants to divert funds froift water quality to 
financing some o^fitlandish project like the SST. 

Secondly, in the meantime your program may get 
only anemic support. One of the greatVfciyidals of 
this country, J think, is the minuscule amounts 
States and localities and, indeed, thie Federal Gov- 
ernment, spend on assuring pure drinking wat(Br. . ^ 
Jim McDermott and his colleagues labored over a 
decade to get passage of a drinking water bill whose 
need is as elementary as traffic signals. Citizens 
would be horrified if they knew that only a few 
dehts per capita ^per year were being spent on 
surveillan^ and research to avert their being 
poisone^ruy bacteria an<jl viruses. 

^ve you a specific example of how this public 
ignorance can;affect ybur work. One of the big sali- 
ents in water supply, as we all know, has Been the 



procedure of purifying and recycling wastewater. 
That effort has proceeded slowly down the years, 
and one reason it has'^one slowly, I think, is the 
widespread professional assumption that the very 
idea of recycled sewage would be repugnant to the 
public and would encounter a massive wall of resist- 
ance. Fpi sure this belief led many innovators to 
tread very gingerly when otherwise they would 
have forged ahead boldly. 

Yet I went down to one of the first experimental 
projects of this sort at Santee, Calif., and talked to 
mothers while their children splashed happily in a 
crystalline pond made of reclaimed sewage. I said 
to them, "Do you have any strange fjeelings or mis- 
givings about your children swimming in refined 
sewage?" Unaninlously, the answer was, "No, why 
should we think about that? Anybody can see that 
that water is as clean as can be." ^' 

This, as far as I know, has been just about the 
universal reaction to wastewater reclamation. The 
anticipated acceptance barrier, like the imaginary 
sound barrier in aviation, proved not to be th^re at 
all. This is one small example of how thinking in the 
language of your constituents can be very impor- 
tant in accomplishing what you^warit .to do.-^ 

Please understand, Tm not venturing to picture 
the public as a bunch of ^itwits whose primitive 
prejudices have to be manipulated like the keys of 
an organ. After all, they are youf constituents, and 
without them, you wouldn't be where you are.* 

put at the New York Times, we have an unwrit- 
ten precept, and that is when -you write a story 
imagine that the person reading it just got out of a 
prisoner' of war camp yesterday. The individual is 
reasonably bright, but put all of the factsin there 
necessary to make it intelligible to the reader with- 
out the reader's having to comb through a^y back 
issues. 

In other words, don't underestimate people's in- 
telligence, but never overestimate their informa- 
tion. Thousands of impressions from many sources 
crowd into every citizen's memory bank every day 
now, at a greater rate thafti ever before in history. 
Anyone in a specialized field who assumes that the 
public knows what he or she is talking about prob- 
ably is wrong. 

What does this mean in te^ms of the large-scale 
effort in government, science, industry, conserva- 
tion,'to firmly establish the integpU^f .water? I 
think^hat it means is that it calls for on^sof the big- 
gest public educational campaigns in hisWy. Not 
the sort of thing that can be done with a fanfare of 
trumpets and some WIN buttons and is forgotten 
about in a month. But a concerted long term effort 
on the part of every person in the field who wants 
to see his or her efforts get the financial and moral 
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support that they have to have. 

The inclination of many professionals is to say: 
"Well, I'm a professional, 1*11 just do my little pro- 
fessional thing, and leave the educational work and . 
propaganda to professionals in that field ^ 

If I can leave only one thought with you today, it 
is that that outlook won't wash anymore. In these 
days of instant communication, everyone has to tell 
hi^ story, or do what he can to help along the cause 
'of enlightenment, because there is so much enlight- 
ening to be done. 

No man is an island anymore. The sheepskin on 
the wall saying you are some kind of a specialist 
doesn't mean you can isolate^yourself from the peo- 
ple who underwrite your work. When they count 
the votes that support appropriations, sheepskins 
don't get counted. 

This may seem like a very crass, materialistic 
outlook. It isn't. I think it's only realistic. Environ- 
mental problems today are 90 percent politics. We 
know immensely niore technically than we can put 
into practice, because getting it into practice is 
dependent on the political process. 

Those of you who work here in Washington know 
this. You are used to going up on the Hill to support 
what you are doing. But the same thing applies all 
over the country at all levels, right down to the vil- 
lage level. In the early days of air pollution control, 
for,instance, Phoenix, Ariz., had one of the best air 
pollution ^engineers in the country. He got nowhere 
because he didn*^ realize that unless his technical 
ideas were tran^ated into viable propositions in the 
political context, they didn't mean a thing. 

Conversely, Los Angeles' air pollution director 
for years was a man who knew very little about the 
technology of air pollution. He was a former police 
lieutenant, Louis Fuller. But he knew how to go id 
the 'county politicians- and get things done. An 
example of what he could do on this basis was that, 
single-handedly, he transformed the entire paint in- 
dustry in this country, getting manufacturers to 
change their historic paint formulas, to eliminate ' 
certain objectionable solvents. 

I think a great deal of water pollution in this 
country is probably traceable to sanitary engineers, 
the men who run the municipal, sewage treatment. 
V plants. For years, they could foresee that their sys- 
tems were being overloaded, so they sent memos 
up to City Hall saying the sewage plant should be 
enlarged. And when the politicians did nothing 
about it because there is no political glamour in en- 
larging a sewage plant the engineer went back to 
his drawing board and saids "Well, I have done my 
duty. I'm an engineer. If the politicians dofft want 
to go ^long, that is their problem." 

The trouble was, as we all know, it ended up 



being bis problem,* the engyieer's problem. If he 
had gone to his constituents in as elementary a way 
as giving talks at Rotary Club luncheons, and famil- 
iarized the public with the probfems he had, he 
would,have helped generate the head of steam nec- 
essary for political action that would have made his 
job a lot easier today. 

All right, so everybody isn't a William Jennings 
Bryan or a Ralph Nader, capable of galvanizing 
public action .^That is not the point. The point is that 
everybody can do something, even if it is only 
spreading the gospel in conversation with friends. 
The important thing is awareness that the message 
has to be conveyed by any n^ans possible— that 
there has to be communication with the constit- 
uents, 

I can't, within this afternoon's format, give you a 
detailed blueprint on just Row this tremendous job 
of adequately informing the American public on 
water quality should be done. It would take 6 
months, 'and at least a six figure fee, to lay out a 
campaign like that. A lot of the pieces of such an 
effort already are being done by information spe* 
cialists in the EPA. But obviously this effort overall 
nationally up to now, has not been comprehensive 
enou^TKidt€h it takes years of grunting and groan* 
ing to get through an elementary piece of drinking 
water legislation; when the Coast Guard is still 
backing and filling about toilet tanks on pleasure 
boats, and chickening out on telling Onassis to put 
double bottoms on his tankers. And when some 
people equate clean waterways with unemploy- 
ment. 

With adequate public understanding of water 
problems sophistry peddlers like these wouldn't 
dare stick their^ heads out of the woodwork lest they 
get chopped off. 

My point is, there is such a big informational 
vacuum to be filled that everybody in the water 
field, if he knows what is good for him, has to get 
with the effort. Every ope should make for^himself 
or herself an analysis of what he or she thirtks are 
the big gaps in public knowledgarelated to his field. 
Then he should canvas thenools that are available 
for informingpeople. The tools are not just a mime- 
ograph, machine cranking out handouts. They in- 
clude newspapers, magazines, books, pamphlets, 
radio^ television, conferences, symposia, lectures, 
personal appearances, and even personal conversa- 
tions. Somewhere in that spectrum, everyone can 
find a spot where he can do something. 

Finally, there should be the realization that the 
audience you are addressing, your constituents, is 
not a uniform, faceless, homogeneous mass that can 
be aroused by words in mimeographed handouts. 

There are different levels of knowledge, sophisti- 
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cation, and interest. Clem 'Whittaker, the Cali- 
fornian who virtually created the art of modfern 
political campaign management, had a mayim that 
every voter was at least seven different people: )le 
was a taxpayer, probably a homeowner, a parent, a 
churchgoer, a motorist, a veteran, probably a Ro- 
tarian or a member of some othei*. association like 
that, and finally, a person with, probably, ethliic' 
ties. 

Whittaker said that in the course of a political 
campaign an appeal had to be made to each of these 
various manifestations of the same person; and that 



if this was done, you"stood your best chance of suc- 
cess in the campaign. 

Think about this — and it will multiply your lever- 
age in developing public understanding of water in- 
tegrity and water quality. When this understand- 
ing is deep enough and wide enough, the integrity 
of the water will be^ close to ai^ accomplished fact. 
Between now and then, there is a lot of time, but I 
Urge you to waste no time in taking advantage of 
that time. It will make your w6rk easier, and the 
public happier and more supportive, and j)b will 
make our water better. 
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